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� Quarter-spherical resonator concept

� Bandpass filter design

� Monolithic integration concept

� Experimental validation 

� Conclusion
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Background: Modern Communication Systems
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5G communication system: 
� Higher operational freq.

� More base-stations

� Spectrum congestion

Filter requirement: 
� Low loss/ High Qu

� Miniaturization

� Low-cost/weight

� TZ/multiband functionality

Base-station

Macro-station

+small cell

Communication satellite

www.qorvo.com
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Background: Existing High-Q Filters
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D. Liang, et. al. IEEE IMFW, 2021

Rectangular waveguide/Dielectric filter

� Expensive

� Bulky/split block integration

� CNC machined

Spherical waveguide filter

� Bulky/split-block integration

� CNC machine

B. Gowrish, et. al. IEEE MWCL, 2021
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Background: Development of Spherical Res.
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A. Olaru, et. al. 24th MIKON, 2022

Miniaturization: Semi-sphere

� 1/2 size of whole sphere

� Inline coupling & split-block

Additive manufacturing

� Low-cost/weight

� Potential for monolithic integration

F. Zhang, et. al. IEEE Access, 2019

Goal: Further miniaturization of spherical resonator-based filter using monolithic 3D printing
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Quarter-spherical Resonator Concept
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� Fund mode: TM201

� ffund. = 12.2 GHz

� V = 0.25�待戴
� Q=7707

� Fund mode: TM101

� ffund. = 12.2 GHz

� V = 0.18�待戴
� Q = 12624

� Fund mode: TM101

� ffund. = 12.2 GHz

� V = 0.36�待戴
� Q = 13000
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Mode Analysis
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Filter Design: 2nd-order Example
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CRD & Synthesis response
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Inter-resonator Coupling: K12

9

Coupling iris K12 extraction

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0.05

0 2 4 6 8 10

K
1

2

Dimension (mm)

WI

LI

WI

LI

� Lower LI  Larger K12

� Higher WI  Larger K12

WI

LI



10 <Tu4B>-<4>

External Coupling: Qext
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SMA connection Qext extraction

� Higher LE  Larger Qext

� Lower WE  Larger Qext
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TZ Control

11

-50

-40

-30

-20

-10

0

10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5

|S
2

1
| 
(d

B
)

Frequency (GHz)

hI=0 mm
hI=1 mm
hI=2 mm
hI=3 mm
hI=4 mm

hI= 0 mm
hI= 1 mm
hI= 2 mm
hI= 3 mm
hI= 4 mm

( )

TZ1 TZ2

Lager hI

� TZ1: Mixed EM coupling 

� TZ2: Additional RF path due to higher-order mode

hI
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Non-radiating Holes
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� rhole=0.5 mm

� No influence on filter performance

rhole
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Experimental Validation: SLA Printing
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� No internal support structure

Printing setup Manufactured prototype

� 50 �m Cu plating

� >80x skin depth
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RF Characterization
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� fc=12.28 GHz

� FBW = 2.8%

� IL = 0.3 dB (Qeff=1800)
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Comparison with State-of-the-art
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[1] C. Guo et al., IEEE MWCL, 2016

[2] E. Lopez-Oliver, IEEE MWCL, 2021
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� First reported study on quarter-spherical resonator

� 1/2 smaller than traditional spherical resonator

� Comparable Qu (around 2000) 
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Conclusion
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� First reported BPF using miniaturized quarter-

spherical resonator.

� Advanced filter performance: high Qeff (1800), 

two controllable TZs

� Low-cost, compact prototyping due to 

monolithic SLA 3D printing

� First reported BPF using miniaturized quarter-

spherical resonator.

� Advanced filter performance: high Qeff (1800), 

two controllable TZs

� Low-cost, compact prototyping due to 

monolithic SLA 3D printing
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Thank you!
kunchen.zhao@colorado.edu


