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ABSTRACT: A novel circuit structure is proposed to design a small size band-stop filter (BSF). The structure consists of five pairs of
short coupled-lines. The bandwidth, roll off and center frequency of the filter can be flexibly controlled by changing the data of different
pairs of coupled-lines. By disconnecting the left-most pair of coupled-lines, the band-stop filter can be transformed into a full resistance
filter. The center frequency of the band-stop filter is 2.40 GHz. The measured 20-dB stopband insertion loss bandwidth is 29.2% (2.05—
2.75 GHz, the highest measured rejection is 44.21 dB). The simulation results agree well with the measured ones, which verifies the
effectiveness of the proposed structure. The use of coupled-lines makes the structure more compact. The circuit size is 0.35A4 x 0.27)\,

(25.63 mm X 19.70 mm).

1. INTRODUCTION

B and-stop filters are widely used in wireless communication
systems. With the development of science and technology,
band-stop filters with controllable bandwidth, different config-
uration states, and compact size have become a demand. Based
on the amount of signal that can be blocked, filters can be di-
vided into single-band [1], dual-band [2], and multi-band [3]
band-stop filters. Traditionally, a band-stop filter is designed
by inserting an open/short circuit resonator between the trans-
mission lines [4]. However, the size of the filter can be effec-
tively reduced by using coupled-lines [5]. To achieve miniatur-
ization, two open stubs and an open complementary split ring
resonator are employed [6], with the open stubs folded in the
opposite direction. By folding the dominant area around the
main structure [7], significant miniaturization is achieved.

Increasing the number of transmission zeros (TZs) can bet-
ter control the bandwidth. In [8], four TZs are generated to ma-
nipulate the bandwidth by the source-load coupling. According
to [9], a band-stop filter consisting of two pairs of coupled-lines
is proposed, and the influence of each pair of coupled-lines on
TZs and stopband bandwidth is analyzed. However, the TZs of
filters with more coupled-lines are rarely mentioned.

In order to achieve tunability, a compact reconfigurable filter
is proposed [10], which adopts a resonant element in the form
of a folded slot. By placing a positive-intrinsic-negative (PIN)
diode in the center of slot, the filter can be configured to band-
stop and all-pass states [11]. [12] switches between multifre-
quency band-pass filter and band-stop filter modes by changing
the coupling path between source and load. [13] presents an RF
input-quasi-reflectionless band-pass filter with reconfigurable
center frequency by tuning range through the novel technique.
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In this paper, a compact band-stop filter with five pairs of
short coupled-lines is proposed. The first and second pairs of
coupled-lines mainly affect S};, and the remaining three pairs
of coupled-lines can control S5; and adjust the bandwidth. For
demonstration, a band-stop filter is implemented and measured.
The stopband 20-dB insertion loss bandwidth measured by the
filter at the center frequency is 700 MHz (2.05 GHz-2.75 GHz),
and the circuit size is 25.63 mm x 19.70mm (0.35 X 0.27)\f7
where ), is the guided wavelength at the center frequency).
Moreover, by changing the connection state of the first pair of
coupled-lines, the filter can switch between band-stop and full-
resistance states.

2. ANALYSIS AND DESIGN

The circuit configuration of the proposed band-stop filter is
shown in Fig. 1 (Structure I). The left structure of the filter
is composed of two pairs of coupled-lines, and the right part
is composed of three pairs of coupled-lines. By disconnecting
the left-most pair of coupled-lines, the band-stop filter can be
transformed into a full resistance filter (Structure II). The even-
mode and odd-mode impedance (Z,;, Z,i, 1 = 1,2, 3,4, 5) and
electrical length (0) of the five coupled-lines are also defined in
Fig. 1.

Since the proposed structure is symmetric, even- and odd-
mode analysis can be performed. The odd-mode and even-
mode equivalent circuit of bandstop filter is shown in Fig. 2.
Zino and Z;, . respectively represent the input impedance un-
der parity excitation.

2.1. Structure Analysis

Based on odd-mode equivalent circuits, Z;n01, Zino2> Zinoss
Zino4, and Z;, 5 are the input impedances. They are calculated
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FIGURE 1. The circuit configuration of the proposed filter.
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FIGURE 2. The (a) odd-mode and (b) even-mode equivalent circuits of
the proposed bandstop filter.
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Similar to odd-mode analysis, Z;ne1, Zine2> Zines> Zineds
and Z;,,.5 are

Zinel = _jZel cotf

Z2, tan® 0—Z o1 Zeo
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According to transmission line theory
7. — Zine2Zines
e Zine2+Zines (3)
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ZineZ ZineS
ZineQ + ZineB

_ Zino2Zin03 (5)
Zino2 + ZinoS

Based on (1)—(2), the equation for tan  can be calculated as:
(6)

In particular, when Z;,.3 = Z;no3, the equation becomes
Zine2 = Zino2, Which can be finally arranged as a quadratic
equation with one variable for tan? 6.

ZnZhtan* 0 + (2o Z2 + Zo1 Zoo Zeo) tan® 0
+Ze1Ze2Zo2 =0

Atan®0 + Btan®0 + Ctan* 0 + Dtan?0 + E =0

(7

The discriminant (A) of quadratic formula (7) is 0, which
means that tan” @ has two identical solutions. In the selected
frequency band, there is only one transmission zero. When
A < 0, there is no internal coupling and no transmission ze-
ros. When A > 0, two transmission zeros are obtained. Fig. 3
shows different conditions of S,; with the filter with/without
internal coupling.
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FIGURE 3. S-parameters of the BSFs (a) with/(b) without the internal
coupling (Unit: ©2).

3. NUMERICAL EXAMPLES OF THE PROPOSED
BAND-STOP FILTER

In order to optimize the performance of the filter, the parame-
ters of the original design are adjusted. By generating internal
coupling, not only can the filter have two transmission zeros,
but also the circuit size can be reduced. The stopband width
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FIGURE 4. TZs positions under different values of Z,3 (Unit: Q).

can be turned by setting different values for Z,3 as shown in
Fig. 4. Changing the values of Z,3 from 80 to 90, as Z,3 in-
creases, the stopband width becomes wider.

To get transmission poles (TPs), |S1;| = 0 is needed. Based
on (1)—(2), four solutions (TP, TP,, TP3, TP4) can be obtained
in Fig. 5. As Z,; decreases from 70 to 55, TP, and TP; move
closer. The roll off performance is improved while maintaining
20-dB stopband suppression. The selectivity of the filter can be
improved by properly adjusting Z,; as shown in Fig. 5.
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FIGURE 5. TPs positions under different values of Z,1 (Unit: ).

The electrical length (6s) of the right-most pair of coupled-
line affects the center frequency of the bandstop filter. As
shown in Fig. 6, three cases of electric length are discussed
while other variables are kept invariant. As 65 increases from
33 to 37, the stopband frequency shifts downward, and the cen-
ter frequency decreases from 2.5 GHz to 2.3 GHz. The center
frequency of the band-stop filter can be adjusted by selecting a
suitable 6s.

In order to achieve the best results, the final parameters are
as follows: Z,1 = 750, Z,1 = 659,60, = 21°, Z.o = 801,
Zog =508, 0, = 20°, Z.3 = 10012, Z,3 = 8012, 65 = 20°,
Zea = 125Q, Zyy = 758, 604 = 25°, Zo5 = 909, Zo5 =
60, 65 = 35°.
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FIGURE 6. S-parameters of the BSFs with different 65 (Unit: °).

4. SIMULATED AND MEASURED RESULTS

To verify the proposed BSF structure, two prototype circuits
were designed and fabricated on a Rogers RO4350B substrate
with dielectric constant €,, = 3.66, loss tangent tan § = 0.0037,
substrate thickness h = 0.762mm, and 0.035mm copper
cladding. The layout and photo of the fabricated band-stop fil-
ter are shown in Fig. 7. The S-parameters of the two circuits
were measured by using the vector network analyzer.

Figure 8 shows the simulated and measured results. When
the center frequency of the band-stop filter is 2.40 GHz,
the measured stopband 15dB insertion loss bandwidth is
700 MHz (2.05GHz-2.75 GHz) (the highest measured re-
jection is 44.21 dB). The simulated results agree well with
the measured ones, which verifies the effectiveness of the
proposed method. The core circuit size is 0.35)\; x 0.27},
(25.63mm x 19.70 mm). Table 1 shows a comparison between
this work and previous structures. The proposed PCB filter is
more compact.

TABLE 1. Comparison with the state-of-the-art works.

Physical Two
Ref. (GJ;)IZ) FBW  dimension Reconfigured
(mm? States
[14] 32 66 15.5 x 35.8 NO
[15] 1.5 66.67 60.8 x 2.3 NO
[16] 1.96 684 34.04 x 20.44 NO
[17] 2.1  88.5 125.25 x 24.60 NO
This 240 292 25.63 x 19.70 YES
work

fo: center frequency, FBW: fractional bandwidth.

5. SECOND STATE OF THE PROPOSED FILTER

The proposed filter has two filtering characters with the left-
most coupled-line connection or disconnection. When being
connected, the filter is a band-stop filter (which is analyzed
above), and when being disconnected, it is a full resistance fil-
ter.

A full resistance filter can be obtained by welding a resis-
tor with a resistance value of 3000 2 between the left-most
coupled-lines. The layout and physical diagram of the filter
are shown in Fig. 9.
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FIGURE 7. The (a) layout and (b) photograph of the fabricated band-stop filter (Unit: mm).
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FIGURE 8. Simulated and measured results of the wideband BSF.
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FIGURE 9. The (a) layout and (b) photograph of the total resistance filter (Unit: mm).
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FIGURE 10. Simulated and measured results of the full resistance filter.

Figure 10 shows the simulation and measurement results of
the total resistance filter. The insertion loss of the filter is
less than 10-dB, and it features a minimum return loss of 3-dB
within the frequency range of 0 to 4.5 GHz.

6. CONCLUSION

A new five short coupled-lines band-stop filter circuit structure
is proposed. By changing the connection mode of the left-most
coupled-line, the band-stop filter can be switched into a full re-
sistance filter. A small size band-stop filter and a full resistance
filter are designed. The design theory and circuit configuration
are provided, and the full wave simulation and measurement

of the two filters are carried out to verify the design method.
Also, the circuit size is compact. These filters can be applied to
wireless communication system.
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APPENDIX A.
The specific expressions of A, B, C, D, and F are as follows.

A = 2% (25 Zea + 22 Zes + Zes Z24) (255204 + Zor Zoo Zoy + Zov (ZosZos + Ziz Zos + Zos Zsy))
+ 22522 (223200 + ZiosZos + Zo3 Zoy) (Zoy + Zor Zoz)

B = 7% (Z%Zeca+ Z23Ze5 + ZesZ2y) (235 + Zo1 Z02) (Zo3 Zoa + Zoz Zos + ZoaZos) + Zo1 Zos ZoaZos
+Z02 (Z23Z01 + Z33Z05 + Z03221)) + (223 Ze3ZeaZes — Zer Zea ZisZoes — Zier ZenZigZes — Zer Zea Zes Z2y)
(Z3%2Zes + Zor Zo2 Zs + Zor (Z33 200 + ZogZios + Zo3Za)) — ZiaZerZosZorZos (25 + Zo1 Zoa)
(25523 Zea+ 22 Ze3Zes + 22 ZeaZes + Zer ZeaZiy + (Zer + Zea) (232 ea + 223 Zes + Zen Z2y))
(223701 + 223705 + Z03224) (225 + Zo1 Zo2)

C = 22570203 %01 205 (223 Zea + ZisZes + ZesZ2y) — ZerZeoZesZeaZes (Zoy Zos + Zor1 Zoa 23y
+Zo1 (223704 + Z33Z05 + Z03221)) — (Z2yZe3ZeaZes — Zer Zea ZisZoes — Zier ZenZog Zes — Zer Zea Zes Z2y)
((Z2+ Z01Z02) (Zo3Zos + Zo3Zos + ZosZos) + ZorZos ZoaZos + Zoz (Z33Z0a + ZosZos + ZosZny))
V203201205 (Z2aZesZes + Za ZesZes + Ly ZeaZes + Zer Zea Zy + (Zer + Zea) (225 Zea + ZisZes + Zea Zey))
(224 Zo1Z02) + (Zer Zes Zes Zea + Zer Zez Zes Zes + Zer ZenZeaZoes — Zer ZezZeaZes — ZeaZez ZeaZes)
(Z23Z01 + 223705 + Z03224) (225 + Zo1 Zo2)

D = Z0Zo3ZosZos (223 Ze3ZcaZcs — Zer ZenZogZea — Zer Zea 225 Zes — Zer Zea ZesZ2y)
+Ze1 Zer ZesZeaZes ((Zoy + Zor Zo2) (ZosZoa + ZosZos + ZoaZos) + Zot Zo3 Zos Zos
+Z02 (233201 + Zi3Z05 + Zo3 Z3s)) = ZosZoaZos (ZerZeaZesZea + Zer Zea Zes Zes
+Ze1ZerZeaZies — Zer ZiesZeaZies — ZenZesZeaZes) (Zoy + Zo1 Zon)

E = —ZaZesZesZeaZesZozZo3ZorZos
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