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A Compact Microstrip Second-Order Frequency-Variant Coupled
Bandpass Filter with Simplified Composite Right-/Left-Handed
Zeroth-Order Resonator

GONG Jianqgiang', ZHANG Chenlei, LIAO Zihao, LIU Yirun, YU Hanchao, XIE Jian
(School of Information Engineering, Nanchang University, Nanchang, Jiangxi 330031, China)

Abstract: This paper presents a compact microstrip second-order frequency-varying coupled bandpass filter (BPF)
based on a simplified composite right-/left-handed zeroth-order resonator (SZOR). The miniature microstrip SZOR is sym-
metrically composed of the high/low-impedance lines and the parallel stub, featuring the controllable zeroth-order dominant
mode and the first-order spurious mode, of which layout can be quickly generated from its lumped equivalent circuit model
by applying the implicit space mapping technique. The separate electric and magnetic coupling routes essential for the fre-
quency-variant coupling (FVC) comprise the capacitive gap between the low-impedance lines and the inductive strip con-
necting the parallel stubs of two neighbouring microstrip SZORs, through which the electric and magnetic couplings can be
independently controlled, facilitating to acquire the specified FVC value. The target BPF centers at 3.1 GHz with a fraction-
al bandwidth of 4.5% and an inband return loss of 22 dB. Its design starts from the FVC coupling matrix synthesis. The fi-
nalized layout parameters are automatically optimized through the Nelder-Mead Simplex algorithm by minimizing the abso-
lute error between the extracted FVC coupling matrix and the theoretically synthesized one. Good agreement between the
full-wave simulation and the prototype measurement demonstrates when the FVC is magnetically dominant, the generated
TZ will locate above 3.1 GHz, while as the FVC is electrically dominant, the resulted TZ will shift below 3.1 GHz.

Keywords: bandpass filter; simplified composite right-/left-handed; zeroth-order resonator; frequency-variant cou-
pling; automatic optimization; magnetically dominant coupling; electrically dominant coupling
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Figure 1 ~ Configuration and characteristics of SZOR
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Figure 2 Comparison of dispersive performance between microstrip

layout and lumped equivalent circuit of SZOR
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Figure 3 Second-order microstrip FVC BPF based on SZOR
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