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Synthesis Design and Experimental Study of a High-Selectivity
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Abstract: Aiming at the requirements for high selectivity, low loss, high out-of-band rejection and compact size of
filters in wireless communication systems, this paper proposes a comprehensive design method for on-chip bandpass filters
using a coupled triangular (CT) topology. Firstly, a three-resonator coupling structure is constructed through the coupling
matrix (Coupling Matrix) synthesis method, where direct coupling between adjacent resonators and cross-coupling between
non-adjacent resonators are established to form a specific normalized coupling matrix. Then, by precisely controlling the po-
larity and strength of the cross-coupling, a dual-path interference mechanism is created, generating controllable transmission
zeros (TZs) on both sides of the passband. Furthermore, by further utilizing the parasitic inductance L,,, of the ground via in
series with the parallel LC resonant unit, an additional TZ can be generated in the upper stopband beyond the passband,
thereby significantly enhancing the frequency selectivity and out-of-band suppression capability of the filter. For physical
implementation, the filter is fabricated on a 90 pm Gallium Arsenide (GaAs) substrate using an integrated passive device
(IPD) process. High quality-factor (Q-factor) spiral inductors with the maximum value of approximately 32.2 are construct-
ed using multi-layer metal structures, and high-precision lumped-parameter on-chip bandpass filter electromagnetic model

is achieved in conjunction with metal-insulator-metal (MIM) capacitors. Measured results of the on-chip filter through the
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probe station and vector network analyzer show that the bandpass filter achieves a center frequency of 4 GHz, a fractional
bandwidth of 20%, and an insertion loss of 2.35 dB. The stopband rejections are better than 44 dB from lower stopband DC
to 2 GHz and 31 dB from upper stopband 6~11 GHz, showing excellent stopband rejection performance. The overall size of
the on-chip bandpass filter is only 1.15 mm x 0.9 mm x 0.1 mm. The measured data of on-chip third-order filter shows good
agreement with the electromagnetic (EM) simulation results in terms of passband characteristics and low-stopband rejection.
Regarding the phenomenon of the high-stopband transmission zero shifting toward lower frequencies and the degradation of
rejection levels in measurements, an in-depth error tracing analysis (Error Tracing Analysis) is conducted. It is determined
that the primary cause is the influence of etching precision (Etching Precision) tolerances in the IPD process on the tiny ca-
pacitor element (C,= 0.21 pF), leading to the actual capacitance deviating from the design value. Despite local deviation of
upper stopband transmission zero caused by the manufacturing process, the on-chip filter maintains excellent overall perfor-
mance across a wide frequency range, fully proving the effectiveness and practical value of the proposed triangular topology
in the comprehensive design of high-performance on-chip filters.
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Figure 1 ~ Circuit topology of the coupled triangular (CT) filter
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Figure 2 Circuit schematic of the CT bandpass filter
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Figure 3 Simulated S-parameters of the circuit schematic
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Table 2 Detailed data comparison between measured results and EM simulation results
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Table 3 Performance comparison with recently reported IPD bandpass filters
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