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5G communication system:
« Higher operational freq.

* More base-stations

« Spectrum congestion
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Filter requirement:

« Low loss/ High Q,

* Miniaturization

» Low-cost/weight

* TZ/multiband functionality

Macro-station
+small cell
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/ Rectangular waveguide/Dielectric filter \ / Spherical waveguide filter \
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D. Liang, et. al. I[EEE IMFW, 2021 sy v 6:.'50 s:.:'ss 6.60 6.65 6.70 6.75 6.80
. Frequency (GHz)
* Expensive B. Gowrish, et. al. IEEE MWCL, 2021
« Bulky/split block integration « Bulky/split-block integration
\_ * CNC machined / \_ * CNC machine -
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Additive manufacturing

Miniaturization: Semi-sphere
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45 46 47 48 49 5 51 52 53 54 55
Fraeijsficy (GHZ) F. Zhang, et. al. IEEE Access, 2019
A. Olaru, et. al. 24th MIKON, 2022
» 1/2 size of whole sphere » Low-cost/weight

\_* Inline coupling & split-block /) \ * Potential for monolithic integration ,

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

: Sphere [ Hemi-sphere N Quarter-sphere
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+ Fund mode: TM,, + Fund mode: TM,, Fund mode: TMy;

¢ ffund. =12.2 GHz ° ffund. =12.2 GHz ﬁ‘unil - 12§ GHz
\__* Q=13000 ) Q=12624 JiN Q=7707
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4 Mode 1 @ 12.2 GHz N\ Mode 2 @ 14.2 GHz N\ Mode 3 @ 15.7 GHz A
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CAD model

CRD & Synthesis response
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Coupling iris K, extraction
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* Lower L, Larger K,,
« Higher W, - Larger K.,
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SMA connection
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Dimension (mm)
* Higher L= Larger Q.

* Lower W Larger Q,,
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é, Pisene :, N -10 ¢ K.
y . \‘ %’ 20 H o e hl= 0 mm
: r‘E = h=1mm
) 3-30 o o h=2 mm
2] — .. — h=3mm
g%_ﬂ 40 H ----h=4mm
_50 1 1 1 D
105 1.0 115 120 125 13.0 135 140 145
Frequency (GHz)  TZ, TZ,

« TZ,: Mixed EM coupling
« TZ,: Additional RF path due to higher-order mode
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|S11] W/ holes
|S21| W/ holes
|S11| w/o holes
|S,4| w/o holes
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* loe=0.9 mm
* No influence on filter performance
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Printing setup Manufactured prototype

Support structures

. . * 50 um Cu plating
C No internal support structure/ S . >80x skin depth y
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RF Characterization
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|S24|-meas.
|S11]-meas.
|S21|-sim.
|S14]-sim.
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. £=12.28 GHz
. FBW =2.8%
- IL = 0.3 dB (Q.=1800)
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Comparison with State-of-the-art

[1] [2] T.W.

f.(GHz) 10 10 12.28
FBW 3% 2.5% 2.8%
#Res. 4 2 2
Mono. No No Yes
Size 2.7 414 1.1
(43)

_ Qe 4200 1025 1800

[2] E. Lopez-Oliver, IEEE MWCL, 2021

* First reported study on quarter-spherical resonator
» 1/2 smaller than traditional spherical resonator
« Comparable Q, (around 2000)
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* First reported BPF using miniaturized quarter- .
spherical resonator. =107
s |
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* Advanced filter performance: h|gh Qeff (1800), 10.0 105 11.0 115 120 125 13.0 135 14.0 145
Frequency (GHz)

two controllable TZs

* Low-cost, compact prototyping due to
monolithic SLA 3D printing
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Thank youl!
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