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Abstract:

wave bands, communication networks face challenges of spectrum reconfiguration and system performance enhancement.

As fifth-generation (5G) mobile communications evolve toward sixth-generation (6G or B5G) millimeter-

Owing to its abundant bandwidth and high data rate, millimeter-wave communication has become a key technology to sup-
port high-capacity and low-latency services. As a core passive component in the RF front end, the bandpass filter plays a vi-
tal role in selecting in-band signals and suppressing out-of-band interference. In high-frequency and high-density communi-
cation environments, filters must balance frequency reuse, high integration, and compact packaging, achieving coordinated
optimization of high selectivity, low insertion loss, and miniaturization, which places higher demands on structural design
and packaging technologies. Low-temperature cofired ceramic (LTCC) technology, featuring multilayer three-dimensional
integration, precise structural control, and excellent dielectric properties, has become an important approach for passive de-
vice packaging and integration.Based on LTCC technology, this paper presents a novel millimeter-wave bandpass filter with
high selectivity, low loss, and compact size. The proposed filter employs bent half-wavelength and quarter-wavelength
stepped impedance resonators (SIRs), and its size is effectively reduced by leveraging the multilayer integration capability
of LTCC. To enhance selectivity, an omnidirectional cross-coupling topology is constructed by introducing additional cross-
coupling paths on the basis of partial cross-coupling, and the design is theoretically analyzed through coupling matrix syn-
thesis and equivalent circuit modeling, resulting in three transmission zeros near the passband. To minimize loss, a low-di-
electric-loss K7 LTCC material is adopted, and metallized via sidewalls are employed to construct a shielding structure that
suppresses surface-wave leakage and parasitic radiation.To verify the effectiveness of the proposed design method, a multi-
layer LTCC-based prototype operating in the millimeter-wave band was simulated and optimized using HFSS software, fol-
lowed by fabrication and experimental verification. The measured results demonstrate that the filter exhibits an insertion
loss of only 0.9 dB at the center frequency of 28 GHz, with a minimum in-band loss of 0.61 dB. The roll-off rates at both
edges of the passband reach 25.5 dB/GHz and 10.47 dB/GHz, respectively, indicating significantly improved frequency se-
lectivity. The effective circuit size of the device is only 1.44 mm X 1.0 mm (0.134 A% 0.093 A,), achieving compactness in
the millimeter-wave band. To address the difficulty in accurately extracting the intrinsic performance of Surface-Mount
Technology (SMT) LTCC filters during millimeter-wave testing, this paper introduces a multiline thru-reflect-line (MTRL)
calibration method. By mounting the LTCC filter on a test board and combining it with self-fabricated MTRL standards, the
method integrates calibration data into the vector network analyzer algorithm, effectively eliminating systematic errors
caused by interconnection transitions. This approach provides a general and efficient solution for performance evaluation of
millimeter-wave LTCC passive devices.In summary, this article presents an LTCC-based filter for 6G (B5G) millimeter-
wave communication. The filter design is elaborated based on coupling matrix synthesis and equivalent circuit theory. Fea-
turing an omnidirectional cross-coupling topology and bent half-/quarter-wavelength SIRs, the proposed filter achieves min-
iaturization, low loss, and high selectivity. Furthermore, by introducing the MTRL calibration technique, the intrinsic perfor-
mance extraction problem of millimeter-wave filters is effectively addressed. This work offers valuable technical insight for
the development of high-performance passive components in 6G millimeter-wave communication systems.

Key words: 6G/B5G; millimeter-wave; cross-coupling; low-temperature cofired ceramics; bandpass filter
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