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Abstract; Recent advances on diversified 3-D printed passive waveguide devices operating from micro-
wave to terahertz frequencies have been reviewed. Developed by the authors”group, several waveguide
filters fabricated using a stereolithography ( SLA)-based 3-D printing technique have been presented.
They are two X-band bandpass filters based on novel high-quality-factor single-mode and dual-mode
spherical cavity resonators, and two W-band bandpass filters based on a slotted rectangular waveguide
and a compact on-plate structure. The presented filters demonstrate good agreement between the meas-
ured and simulated RF performances. Compared with their conventional counterparts made from cop-
per, these SLA-printed devices exhibit a significant weight reduction over 80% due to the use of non-
metallic printing materials, without any penalty of degrading their RF performances.
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Fig. 1 Featured microwave/millimeter-wave devices fabri-
cated using an SLA 3-D printing technique and photosensi-
tive resin polymers (in 2004 ~2005)™" *'(a) A helix an-
tenna monolithically fabricated with a front-end filter mod-
ule; (b) A Ku-band vertically integrated two-pole bandpass
filter; (c) A Ku-band vertically integrated four-pole band-
pass filter; (d) A Ku-band integrated monopole antenna;
(e) A Ku-band narrowband horizontal two-pole bandpass
filter; (f) A Ku-band horn antenna
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(c) WHRBE s\ KL (SLA) ; (d) X HB I S4B K
28451 (SLA) ; (e) WR-90 FLil I 5 (8.2 ~ 12. 4 GHz)
(FDM) 5 (f) W SR BL7S B 9 545 8 38 9 48 (SLA) 5 (g)
WR-3.4 B8 J 5 (220-330 GHz) (SLA); (h) 92.5-GHz
WEBHWURZE (SLA) 5 (1) WR-3. 4 451 B XoF £ 45 mfil W\ K 2;
(SLA);(j) WFRH SR EE WS (FDM) ; (k) Ku 4
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Fig.2  3-D printed millimeter-wave devices made of non-

metallic materials followed by surface metallization!***"’

(a) A Ka-band broadband horn antenna array ( SLA); (b)
A WR-10 thru waveguide (75 ~ 110 GHz) with flanges
(SLA); (c¢) A W-band corrugated horn antenna ( SLA) ;
(d) An X-band waveguide slot antenna array (SLA); (e) A
WR-90 thru waveguide (8.2 ~12.4 GHz) (FDM); (f) A
W-band sixth-order waveguide bandpass filter (SLA); (g)
A WR-3.4 thru waveguide (220-330 GHz) (SLA); (h) A
92.5-GHz corrugated horn antenna (SLA); (i) A WR-3.4-
band diagonal horn antenna (SLA); (j) A thru waveguide
with metalized internal surface (FDM) ; (k) A Ku-band cor-
rugated conical horn (FDM)
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Fig. 3  Metallic 3-D printed millimeter-wave devices
(a) Ku-band horn antennas ( EBM); (b) An E-band
waveguide bandpass filter (SLM) ; (c) An E-band radio front
end (SLM); (d) D-band waveguides (SLM); (e) E-, D-,
and H-band conical horn antennas (SLM); (f) A Ku-band
antenna array (SLS); (g) A 4 x4 Butler matrix ( SLS)
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Fig.4 3-D printed millimeter-wave dielectric  devices

(232427, 29,4501 (3) An 8 x 8 monolithic rectangular dielectric

resonator antenna array (CSLA); (b) A subwavelength period-
ic structure in a monolithic lens antenna (CSLA); (c¢) A 33-
GHz narrowband three-pole bandpass filter (CSLA) ; (d) An a-
lumina lens in a 60-GHz integrated lens antenna (CSLA); (e)
An X-band Luneburg lens (Inkjet); (f) An X-band waveguide
load (FDM); (g) A terahertz dielectric waveguide (Inkjet) ;
(h) Terahertz plasmonic waveguides (Inkjet); (i) A 60-GHz
frequency-scanning lens (Inkjet); (j) 100-GHz dielectric re-
flect array antennas ( Inkjet)
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Fig. 5 3-D printed microwave/millimeter-wave dielectric
substrates and planar structures'>"- >/ (a) A 2. 3-GHz
patch antenna (Inkjet) ; (b) Suspended microstrip (FDM) ;
(c) A 2.6-GHz dipole antenna (FDM) ; (d) A phased array
antenna unit cell (FDM); (e) A 2. 4-GHz patch antenna
(Inkjet)
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Table 1 Comparison of several types of cavity resonators operating at 10 GHz
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Fig.6 A 10-GHz 3-D printed fifth-order bandpass filter based
on single-mode spherical resonators'™’). (a) Geometrical con-
figuration ( Width and height of the rectangular waveguide port;
a=22.86 mm and b =10. 16 mm); (b) Photographs of the
fabricated filter’ s building blocks (left; as-printed; right; cop-
per-plated; copper layer thickness: 25 wm); (c) Assembly il-
lustration of the filter; (d) Simulated and measured results
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Fig.7 A 10-GHz 3-D printed fourth-order bandpass filter
based on spherical dual-mode resonators"®®'. (a) A longitudi-
nal section view ( black circled numbers: resonant modes;
black solid arrows in cross sections: electric field directions) ;
(b) A complete filter structure and coupling topology ( white
nodes: source (S) and load (L); black nodes: resonant
modes; solid/dashed lines: direct/cross couplings; width and
height of the rectangular waveguide port: a = 22.86 mm and
b = 10. 16 mm); (c) Photographs of the fabricated filter
(up: as-printed; down: copper-plated); (d) Narrowband S-
parameter amplitude-frequency responses; (e) Wideband S,
amplitude-frequency responses
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Fig.8 A 90-GHz 3-D printed slotted waveguide fifth-order
bandpass filter'™’. (a) Structural illustration ( Width and
height of the rectangular waveguide: ¢ = 2.54 mm and b =
1.27 mm); (b) Photograph of the fabricated filter; (c)
Measured and simulated results
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Fig.9 A compact 100-GHz 3-D printed on-plate fourth-order
bandpass filter. (a) Structural illustration ( Width and height of
the rectangular waveguide: a = 2. 54 mm and b = 1. 27
mm) ; (b) Photograph of the fabricated filter; (c) Measured
and simulated results
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Table 2 Comparison with state-of-the-art 3-D printed bandpass filters

Sk TEIT S TR (GHz ) /M 58 BRI WAABFE(B)  WHRT (mm?) K& BT
[21] SLA 19.65 /1.2% 0.15% 1.7 11 x11 x12 SHHLI AR + HLEEA
[27] CSLA 33/1% 1.5% 1.7 28 x40 x3.6 (i)
[33] SLA 107.2 / 6.3% 7.2% 0.95 2.5x1.25x9 B + H B
[39] SLM 75.5/6.8% 2.7% 5-10 3.1x1.5x36 (TH)
[40] SIM 83.5/ 6% 1.8% 5-6 N/A (EH)
[44] SLS 12.5 /4% 1.8% N/A N/A (EH)
[57] SLA 10 / 5% 0.05% 0.11 120 x51 x55 PR + A
[62] SLA 10 /3% <0.01% 0.24 76 x30 x31 U + HL g
[67] SLA 87.5/11.5% 2.78% 0.5-0.8 15.39x3.27 x4.54  fR2EHEE + BEH 4
&3 SLA 102.5 /3.6% 2.5% 1-2 4.73 x4.08 x2. 64 LB +
*N/A L SCHRA ],
VEE T/ N 9 36 F SLA 3-D FTEN T2 B K
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