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Abstract

Three types of the coupling structures in combline resonators are presented: magnetic, electric, and mixed coupling structures.
The magnetic coupling structure is provided by the window, and the electric coupling is provided by the electric probe. The
mixed coupling structure which is the superposition of the magnetic and electric coupling structures, is proposed for the
electric coupling in combline resonators with easy tuning capability. The responses of each coupling structure are shown. A
4-pole combline filter is designed and fabricated as an application of those coupling structures, and shows good filter

responses.
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1. INTRODUCTION
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2. COUPLING COEFFCIENT OF TWO

RESONATORS
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Figure 1. General coupled microwave resonators.
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3. COUPLING STRUCTURES
3.1 Magnetic coupling structure
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Figure 2 Configuration of two coupled identical combline
resonators: (a) top view of the coupling structure and (b)
cross section (AA). Dimensions (in mm): W = 37, H = 40,
T=2,Ro=8,Ri=6,L;=30,and L,= I5.
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Figure 3. Equivalent circuit model of the magnetic
coupling: (a) coupled resonant circuit and (b) its equivalent
circuit, where the symmetry plane is valid when the
resonators are identical.
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Figure 4. Magnetic coupling of two coupled identical

combline resonators with the coupling window at the center

of the wall, where w; = w;, h; = h3 = Omm, and h, = 40mm.
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Figure 5. Measured transmission responses of the magnetic
coupling of two coupled identical combline resonators with
the coupling window at the center of the wall: (a)
magnitude responses and (b) phase responses, where w; =
w3, hy = h3 = 0Omm, and h, = 40mm.

3.2 Electric coupling structure
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@ Figure 8. Measured transmission responses of the electric
A— L AN— coupling of two coupled identical combline resonators: (a)
- magnitude responses and (b) phase responses, where r =
! D 0.65mm.
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Figure 6. Configuration of the electric coupling in two Heg = Ak ZEA L= SHIAZY WAZEDY
coupled identical combline resonators: (a) top view of the HAZE AXgE 0lE8h A 3 1} 20| LEH £
coupling structure and (b) cross section (AA). Dimensions QIC}.

(inmm): W=37, H=40,T=2,Ro=8,Ri=
=30,L,=15,D,=10,and D,= 27.95.
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Figure 7. Coupling coefficient of the eclectric coupling
probe in two identical combline resonators.
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Figure 9. Configuration of the mixed coupling in two
identical combline resonators: (a) top view of the coupling
structure, (b) cross section (44), and (c) cross section (BB).
Dimensions (inmm): W= 37, H=40,T=2,Ro= 8, Ri=6,
w; = 41, w3 = 185, L[ = 30, Lz = 15, DI = 10, and Dz =
27.95.
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Figure 10. Equivalent circuit model of the mixed coupling,
where the symmetry plane is valid when the resonators are
identical.
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Figure 11. Mixed coupling in two identical combline
resonators against the tuning screw depth (radius = 1.5mm)
with a fixed window width. Dimensions (in mm): W = 37,
H=40, W1=4.1, W2=8,D1= 10,Dz=27.95, 0=6, and r
=0.65.
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4. DESIGN EXAMPLE USING MIXED
COUPLING STRUCTURE
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Table 1. Dimensions of the coupling structures (in mm).

Coupling window Electric probe Resonator

my, My w; =160 Offset(0) 6.0 A 37.0
m;; w; = 16.0 Length(l) 20.0 T 2.0
my wy = 8.0 Depth(d) 10.0 Ri, Ro 8.0,6.0
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5. CONCLUSION
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Figure 12. Schematic configuration of 4-pole cross-coupled
combline filter.
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Figure 13. Responses of the insertion and return losses: (a)
ideal responses and (b) measured responses.
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