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Arbitrary Prescribed Wideband Flat Group Delay Higher-Order
Quasi-Reflectionless Bandpass Filter

Girdhari Chaudhary', Phanam Pech, Jachoon Lee, and Yongchae Jeong?

Divison of Electronics Engineering, JIANT-IT Human Resource Development Center, Jeonbuk National University
Jeonju-si, Jeollabuk-do, South Korea
lgirdharic@jbnu.ac.kr
2ycjeong@jbnu.ac.kr

Abstract — This paper presents a design of quasi-reflectionless
bandpass filter (BPF) with arbitrary prescribed wideband flat
group delay (GD). The proposed circuit consists of /4 series short-
circuited coupled lines and shunt coupled line terminated with
transmission line and resistor. Analytical design equations are
derived based on GD analysis. The proposed quasi-reflectionless
BPF can be further extended to higher-order by cascading first-
order quasi-reflectionless BPFs. For proof of concept, first and
second-order quasi-reflectionless BPFs with GD of 1 ns and 2 ns
are designed and fabricated at a center frequency of 3.5 GHz. The
measurement results are well agreed with the simulations.

Index Terms — Arbitary prescribed group delay, coupled line,
reflection-less bandpass filter, wideband flat group delay.

I. INTRODUCTION

Reflectionless bandpass filters (BPF), which dissipate non-
transmitted stopband input-signal energy in the inside
themselves instead of reflecting back to the source, have
become attractive to prevent interblock signal interference from
unwanted RF-signal power reflections [1], [2]. In recent years,
different topologies of reflectionless BPPs have been
investigated in the literatures. In [3], first-order input-
reflectionless BPF is designed using input-matching resistive
components. Reflectionless BPFs consisting of a
complementary duplexer in a main and auxiliary channel with
opposite filtering functions are presented in [4]-[6]. Similarly,
symmetrical quasi-reflectionless BPF is realized using
complementary branch-line BPF and bandstop filter [7].
Similarly, higher-order quasi-reflectionless BPF is realized
using a bandpass section and matching section in [8].

Despite significant research, the conventional reflectionless
BPFs mainly focus on a frequency-dependent magnitude
transfer function rather than a group delay (GD) response and
suffer from arbitrary prescribed flat GD characteristics. In fact,
BPF with arbitrary prescribed GD response with respect to
frequency have various applications including real-time analog
signal processing (R-ASP), RF self-interference cancellation
in-band full duplex [9], [10]. The reflectionless BPFs with
arbitrary prescribed flat GD response can play important role in
designing magnet-less non-reciprocal components.

In this paper, we present a design of quasi-reflectionless BPF
based on GD analysis. The proposed quasi-reflection BPF can
provide the arbitrary prescribe flat GD response and can be
easily extended to higher order quasi-reflectionless BPF.

Copyright 2022 IEICE

458

Yoe1,Yoo1 1

Fig. 1. Proposed structure of first-order (n = 1) quasi-reflectionless
BPF with arbitrary prescribed flat group delay.
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Fig. 2. Equivalent circuits of proposed first-order quasi-reflectionless
BPF: (a) even-mode excitation and (b) odd-mode excitation

II. OVERVIEW OF THE DIGEST FORMAT

Fig. 1 shows the proposed structure of quasi-reflectionless
BPF with arbitrary prescribed GD, which consists of a series
short-circuited coupled lines (YOel, YOol) and shunt coupled
line (Y0e2, Y002) terminated transmission line (Yb) and
resistor (R). The electrical lengths of coupled lines and
transmission lines are A/4 at the designed center frequency (f0).
Since the structure is symmetrical, even- and odd-mode
analysis is used to find the S-parameters, Using Fig. 2(a) and
2(b), the S-parameters of the proposed circuit are expressed as

(.
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Fig. 3. Group delay and magnitude responses according to different ki1, k2, Y5, and Yoo2: (a) different group delay value and (b) different group

delay ripple.
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and k; and k, are coupling coefficients of series and shunt
coupled lines, respectively.

Using the phase of S»i;, the GD according to operating
frequency (f) can be calculated as (3).

1448,
27 df

To calculate circuit parameters with arbitrary prescribed GD,
equation (3) can be further simplified at fo.

3

2y 2 2
] sz] W
o 0 nty,
where
kKT, ooy =k
C+k T 1+k T EY )
1 1 270

Based on the above analysis, arbitrary prescribed GD and
magnitude responses can be obtained by selecting appropriate
Yoor and ki if Yo, and k» are specified by the designer.
Therefore, the solution of Yy, in terms of specified GD at fy can
be found as (6).

xxt \/xz —4m’Y;}

2

- , x=n(4foz'|f:/6—c—2) (6)

The required circuit parameters can be obtained by solving (6),
while providing the values of specified GD, fy, k1, k2, and Yoo2.
For illustration, Fig. 3 shows the S-parameter and GD
responses of arbitrary prescribed GD quasi-reflectionless BPF.
As seen from these results, higher GD can be obtained by
decreasing k1 and k». The flat GD bandwidth and 3-dB passband
magnitude bandwidth are decreased as GD increases. Similarly,

Y,

0ol
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Y0 Y5,6
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Fig. 4. Higher-order quasi-reflectionless BPF with arbitrary prescribed
flat group delay.
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Fig. 5. Magnitude and group delay responses with different number of
filter order. Circuit parameters: k1 =0.5, k2 = 0.35, Zoo2 =1/Y002 =46 Q,
Zo=1/Yo=50Q,Zy=1/Yp=66 Q, R =50 Q.

GD ripple at passband can be controlled by changing k; and >
while fixing GD at fy. The input and output return losses (RLs)
are higher than 15 for all frequencies.

The proposed quasi-reflection BPF with arbitrary prescribed
GD response can be further extended to higher-order cascading
one-stage BPF as shown in Fig. 4. Fig. 5 shows magnitude and
GD responses of first-order and (n =1) and second-order (n =2)
quasi-reflectionless BPF. As seen from these results, GD is
increased as the number of stages increases, while maintaining
the same in-band GD bandwidth. Similarly, both stopband
attenuation and the passband roll-off are improved, however,
the 3-dB passband bandwidth is decreased as a number of
stages increases. The input and output RLs are higher than 12
dB for all frequencies.

III. SIMULATION AND MEASUREMENT RESULTS

For experimental demonstration, a prototype of first-order (n
= 1) and second-order (n =2) quasi-reflectionless BPFs are
designed and fabricated on a Taconic substrate with a dielectric
constant of 2.2 and thickness of 0.787 mm. The design goals of
first and second-order BPFs are set to achieve GDs of 1 ns and
2 ns at fy = 3.50 GHz.
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Fig. 6. Simulated and measured results: (a) simulation and (b) measurement group delay and magnitude responses.

i-reflectionless BPF.

The circuit parameters of designed BPFs are summarized as
k1 =0.51, ks =0.392, Zpe1 = 1/Y0e1 = 149.64 Q, Zoo1 = 1/Y001 =
48.56 Q, Zoer = 1/Y0e2 =96 Q, Zooa = 1/Y0,2 =46 Q, Zy = 1/Y =
66 Q, Zy=1/Yy=50 Q, and R =50 Q.

Fig. 6 shows the simulated and measured results of first and
second-order quasi-reflectionless BPFs. The measurement
results are well agreed with the simulation. The GD is flat
within a bandwidth of 500 MHz. The measured GD and
insertion loss at fo = 3.5 GHz are 0.925 ns and 0.776 dB for first-
order, and 1.91 ns and 1.60 dB for second-order. The measured
3-dB passband bandwidth of first and second-order quasi-

reflectionless BPFs are 500 MHz and 377.86 MHz, respectively.

The input and output RLs at fy are 26.96 dB and higher than 10
dB for all frequencies. Fig. 7 shows photograph of fabricated
filter.

IV. CONCLUSION

This paper demonstrated a design of quasi-reflectionless BPF
with arbitrary prescribed flat GD response. The proposed BPF
is designed by using group delay analysis. To achieve the quasi-
reflectionless characteristics, shunt coupled line terminated
transmission line and resistor are used. Higher-order quasi-
reflectionless BPFs can be easily designed by cascading first-
order symmetrical quasi-reflectionless BPF. For proof of
concept, first and second-order quasi-reflectionless BPFs with
arbitrary prescribed GD are designed and fabricated at center
frequency of 3.50 GHz. The measured results are well agreed
with simulations.
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