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QMSIW: Quarter-mode substrate-integrated waveguide
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Introduction & Motivation

Planar Wideband Filters

Microstrip：Low Q, poor selectivity SIW：Large footprint, spurious modes
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Introduction & Motivation

Filters with hybrid resonators

 Advantages: Size reduction, Q improvement, wide stopband

 Drawbacks: Narrow bandwidth, Radiation Loss 
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Introduction & Motivation

Motivation:
 Hybrid realization of wideband filters

 Compact size, low loss, and harmonic suppression

 Complete, efficient, and accurate synthesis methodology

Approach:
 A wideband hybrid filter based on folded QMSIW is proposed

 Parallel-couped lines are used to extend the bandwidth

 The synthesis technique in the bandpass domain and the

direct mapping approach are investigated and applied
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Filter Configuration

 Two PCB layers are closely assembled by a 

bonding layer.

 QMSIW resonator is folded and connected 

by a through via.

 The coupled-lines and part of the QMSIW 

are shielded in a quasi cavity.

 The filter is fed by a pair of 50-Ω microstrip 

lines at the input and output ports.

Substrates: Rogers 5880

Thickness: 0.508 mm
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Filter Configuration

Middle metal layerTop metal layer
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Equivalent Circuit

Parallel-coupled line sections

 Condition: θ approximates to 90°

 Equivalent Circuit: a couple of serial LC resonators, connected by a frequency-

invariant impedance inverter. 
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Equivalent Circuit

Folded QMSIW cavity

 L3: Inductance from the feeding point to the quasi-PEC boundary on the top layer.

 L4: Inductance from the feeding point to the open end on the middle layer. 

 A transmission zero is introduced and controlled by the feeding position t.
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Equivalent Circuit

The 5th-order wideband filter

 Generation of the poles: 4 by the coupled-lines and 1 by the QMSIW (C3 & L3)

 Coupling of the poles: K-inverters

 Transmission zero: introduced by the QMSIW cavity (C3 & L4)
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Synthesis Procedure

1. Derive the general-Chebyshev filtering polynomials according to the DST process in the

bandpass domain. (1.445–2.395 GHz, RL = 30 dB)
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2. Yield the normalized transmission matrix ([ABCD] matrix) based on the filtering

polynomials.
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Synthesis Procedure

3. Calculate the values of the lumped elements by direct mapping approach.

4. Realize the lumped-element components by the distributed-element circuit.

5. Optimize the filter using full-wave simulation tools until it meets the requirement.

Lumped: L1 = L2 = 5.71 nH, C1 = C2 = 1.31 pF, L3

= 1.62 nH, L4 = 1.01 nH, C3 = 3.43 pF

Distributed: Ze = 126 Ω, Zo = 51.8 Ω, θ = 90°, fpole

= 1.91 GHz, fzero = 3.12 GHz



13 WE3F-2

Experimental Results

 Better rejection level and lower loss than the microstrip filters [1].

 Wider bandwidth compared SIW/hybrid filters [2], [3], [5], [6]. 

 The most miniaturized among all the references.

Ref. Size (g
2) 

f0

(GHz)

FBW 

(%)

IL 

(dB)
Suppression

[1] 0.23  0.36 7.3 124.6 1.0 -15 dB @ 2.5f0

[2] 0.88 0.88 4.67 38 0.74 -10 dB @ 1.7 f0

[3] 0.54  0.93 10.11 11.7 1.22 -20 dB @ 2.9f0

[5] 0.71  3.21 9.25 44 1.2 -40 dB @ 1.3f0

[6] 0.62  0.62 10 22.7 1.2 -36 dB @ 2.0f0

Prop. 0.14  0.14 1.925 61.8 0.76 -60 dB @ 1.5f0
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Conclusion

A wideband hybrid bandpass filter using folded QMSIW
cavity and parallel-coupled double-line sections is proposed.

Its working principle is clearly illustrated by the equivalent
lumped-element circuit.

The design procedure is developed based on the direct
synthesis technique and the direct mapping approach.

The proposed multilayer filter exhibits the merits of size
reduction, low radiation, low loss, wide passband, and deep
out-of-band rejection.



15 WE3F-2

Further discussion is welcome: 
hanyutian@std.uestc.edu.cn

ydong@uestc.edu.cn


