:COl

Title Monolithically-integrated nested ridge waveguide dual-channel
filters
Authors Dogan, Berkay;Psychogiou, Dimitra

Publication date

2025-11-19

Original Citation

Dogan, B. and Psychogiou, D. (2025) ‘Monolithically-integrated
nested ridge waveguide dual-channel filters’, 2025 55th European
Microwave Conference (EuMC). Utrecht, Netherlands: IEEE, pp.
857-860. https://doi.org/10.23919/EuMC65286.2025.11235292.

Type of publication

Conference item

Link to publisher’s
version

https://www.scopus.com/pages/publications/105029597254 -
10.23919/EuMC65286.2025.11235292

Rights

© 2025, European Microwave Association (EuMA). - https://
creativecommons.org/licenses/by/4.0/

Download date

2026-09-16 14:10:48

[tem downloaded
from

https://hdl.handle.net/10468/19258

University College Cork, Ireland
Colaiste na hOllscoile Corcaigh



https://hdl.handle.net/10468/19258

Monolithically-Integrated Nested Ridge Waveguide
Dual-Channel Filters

Berkay Dogan'”

*, Dimitra Psychogiou**

Tyndall National Institute”, University College Cork*, Ireland
'berkay.dogan@tyndall.ie, 2DPsychogiou@ucc.ie

Abstract — This paper presents a novel highly-miniaturized
dual-channel 3D filter design concept. It is based on a new nested
waveguide resonator approach that allows the excitation of two
fully-isolated fundamental resonances within the volume of a
conventional ridge waveguide. Size compactness is achieved by: i)
re-using traditionally unused areas of a ridge waveguide and ii)
monolithic integration enabled by stereolithography apparatus
3D printing. A novel ridge-waveguide/waveguide (RW-WG)
resonator concept is proposed and analysed in detail for the
realization of two-channel filters. For proof-of-concept validation
purposes, a dual-channel RW-WG-based bandpass filter (BPF)
was designed, manufactured and tested. It exhibits a second
order low frequency filtering channel at 6.77 GHz with minimum
in-band insertion loss (IL) of 0.16 dB (Q. of 1,060) and 3 dB
fractional bandwidth (FBW) of 7%, and a second order high-
frequency filtering channel at 15.39 GHz with minimum IL of 0.2
dB (Qgy of 1,365) and 3 dB FBW of 5.3%.

Keywords — additive manufacturing (AM), bandpass filter,
dual-channel filter, monolithic integration, ridge waveguide,
stereolithography apparatus (SLA), 3D printing.

I.  INTRODUCTION

Recent advances in emerging wireless applications such as
vehicle-to-vehicle (V2V) connectivity, internet-of-space (IoS)
and 5G+ communications are increasingly calling for RF
transceivers able to support higher bandwidths (BWs), higher
data rates, and multiple applications. Addressing these needs
using conventional RF front-ends (RFFEs) results in high
levels of complexity and large size, due to needing to use
dedicated transmitter/receiver chains for each application [1],
[2]. As one of the most fundamental elements, RF filters
dictate the RFFE size when low loss or high-power handling is
required, for example in the case of RFFEs for base station or
satellite systems. These require high unloaded quality factor
(Q) resonators that can only be realized using air-filled 3D
cavities which are bulky and heavy [3]. To facilitate size
compactness, recent research efforts are geared towards
miniaturization using dual-mode air-filled resonators where
two degenerate modes are excited within a single cavity [4],
[5]. Miniaturization using high-permittivity dielectric-filled
metallic resonators have also been reported [6].

Size constraints become even more critical when
attempting to realize multi-channel RFFEs. In [7], a multi-
channel 3D bandpass filter (BPF) design approach using
mode-composite ridge-loaded cavity resonators is discussed.
They are built using multi-part CNC machining leading to
passbands with IL of about 0.9 dB; however, their bands
cannot be independently controlled. For miniaturization in
multi-channel filters, dual-mode dielectric resonators are

@sﬁ i

x

/

Conventional RFFE

\

Multi-standard RFFE

1 R I ‘I
i Y Y (1} ! ooe i :‘ (L1 J
f1 £ eoo f
2
Nested
BPF
\/

@

Fig. 1. Multi-standard antenna front-end interface supporting multiple
communication bands/channels. (a) Conventional RFFE approach using
dedicated filters for each band/channel. (b) Proposed RFFE having a reduced
number of filters using the proposed nested RW-WG BPF concept.

proposed [8] for architectures with 2-12 channels [9].
However, their passbands have moderate IL of about 1 dB,
and low channel isolation of about 30 dB.

To facilitate size compactness and weight reduction in 3D
RF components, alternative digital additive manufacturing
techniques such as stereolithography apparatus (SLA), digital
metal laser sintering (DMLS) are increasingly explored for
monolithic, low weight RF filters and diplexers. Alternative
integration concepts using spherical [10], capacitively-loaded
hemispherical resonator [11] and 3D ellipsoidal [12]
resonators have been explored. However, most of them have
been used for single-ended BPFs and none of these concepts
was applied to multi-channel filters.

Considering the aforementioned limitations, a new 3D
printed nested waveguide (WG) resonator approach is
proposed for monolithic highly-miniaturized dual-channel
BPFs. It allows the excitation of two fully-isolated
fundamental modes within the volume of a conventional ridge
waveguide (RW). In this manner, two independent filtering
channels can be created within a nested filter that can be used
to miniaturize the size of a multi-standard RFFE, for example
the one shown in Fig. 1. Size compactness is achieved by: 1)



re-using traditionally unused areas of a RW resonator and ii)
monolithic integration enabled by SLA-based 3D printing. For
experimental validation purposes, a dual channel prototype
was designed, manufactured and tested for frequency channels
within the FR1 (0.41-7.125 GHz) and FR3 (7.125-24.25 GHz)
band. It exhibits a second order low frequency filtering
channel (LFFC) at 6.77 GHz with minimum in-band IL of
0.16 dB (Qef of 1,060) and 3 dB fractional bandwidth (FBW)
of 7%, and a second order high-frequency filtering channel
(HFFC) at 15.39 GHz with minimum IL of 0.2 dB (Qe of
1,365) and 3 dB FBW of 5.3%.

II. THEORETICAL FOUNDATIONS

The key enabling element of the proposed dual-channel
BPF concept is the nested ridge-waveguide/waveguide (RW-
WG) resonator as shown in Fig. 2. In this case, the
traditionally unused area of a RW resonator is used to create a
hollow WG resonator allowing for an additional fundamental
mode to be excited at a frequency fug ; while the fundamental
mode of the RW resonator will be at a frequency fzw 1.

To better explain the design process, the metric achievable
frequency ratio (AFR) is defined as the ratio between the two
fundamental frequencies = fwg 1/fzw 1. It is used for an example
design case where the LFFC will be set at 6.75 GHz and the
HFFC at 15.375 GHz, leading to a targeted AFR equal to 2.27.
Considering this AFR as a reference, geometric parametric
studies are performed for the fundamental modes of each of
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Fig. 2. Proposed RW-WG resonator concept. (a) Bird eye view (left), front
view (middle) and top-view (right). (b) fzw,; as a function of Ry and the R;,
and AFR as a function of N, (right). (c) E-field distribution of the first two
fundamental modes fzy;; and fyq, obtained by eigenmode simulations in
ANSYS HFSS. In this example: Cy= 27 mm, Cy= 11 mm, Ry= 6.75 mm,
Ry=13 mm, t,.= 1 mm, R; =26 mm, N; = 14.7 mm.
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Fig. 3. Nested RW-WG filter concept. (a) CRD, solid lines: external coupling,
dotted lines: inter-resonator coupling, grey circles: source/load, orange circles:
WG resonator, rectangular: RW resonator. (b) Bird-eye view of the 3D EM
simulated model. (¢) Details of the LFFC and the HFFC.

the RW and WG resonators and are provided in Fig. 2(b) for a
ridge height (Rx)= 6.75 mm. In all of these cases, the length of
the WG resonator (Nz) is set to be smaller or equal to the
length of the RW resonator (R;) and the ridge width of the RW
resonator (Ry) is bigger than Ry. The analysis shows that fzy;
is more influenced by R; as opposed to Ry. According to the
target working frequency for the LFFC, the dimensions are
selected as R, = 26 mm and Ry = 13 mm. Next, a geometric
parametric analysis is performed for f via the AFR and is
provided in Fig. 2(b). As observed, altering N, allows the
targeted resonance frequency of fwe; to be achieved with an
AFR range from 1.91 to 3.26. This configuration allows the
adjustment of fi ; without altering the RW resonator or fzy ;.
To set fwg: at 15.375 GHz, an N; = 14.7 mm is selected.
Although a single AFR case is demonstrated, larger or smaller
AFRs can be achieved by altering the N;.

To demonstrate the potential of the proposed nested RW-
WG resonator for multi-channel architectures, a dual-channel
BPF geometry is designed to have a: i) LFFC with center
frequency (feen) of 6.75 GHz, second-order transfer function
with in-band return loss ripple of 25 dB and 7.5% 3 dB-FBW

b

L1z Ny; 1;



[external coupling (Q.x, Lrrc)= 37 and inter-resonator coupling
(K]zy LFFC) = 00441] and, 11) a HFFC with fcen of 15.375 GHZ,
second-order transfer function with in-band return loss ripple
of 25 dB and 5% 3 dB-FBW (Qex, arrc= 30.53 and K]z, HFFC=
0.038). The coupling routing diagram (CRD) and its
corresponding 3D dual-channel geometry are illustrated in
Figs. 3(a), (b), (c) respectively. Whereas an in-line SMA-
based RF excitation scheme is used for the HFFC, the SMA-
based RF ports for the LFFC are set with a 180° offset to
suppress the second- and the third- high order modes of the
LFFC. Furthermore, they are located at A,/4 distance from the
cavity walls. The design process starts by extracting Q.. and
K> for the LFFC and the HFFC after performing parametric
geometrical studies for each of their relevant dimensions.

The LFFC design is performed using as a reference the
parametric studies in Fig. 4(a) which show the dependence of:
1) K2, rrre on the inductive iris’s length and thickness (d2, #/)
and of: ii) Qe rrrc—also realized with an inductive iris d;—
on the inductive iris’s width when its thickness is 1 mm. Using
these parametric studies as a basis, the geometrical dimensions
of the LFFC are selected as follows: W =29 mm, P;= 26 mm,
h;=8 mm, h,=4 mm, d;= 19.5 mm, d>= 8 mm, ¢, = 3.05
mm, P, =36 mm, L, =1530mm, L; =12.20 mm, O; = 11.56
mm.

The HFFC is located inside of the hollowed RW
resonator, allowing to achieve size compactness by re-using
the LFFC volume, shown in Figs 3(b), (c), respectively. Fig.
4(b) shows the dependence of: i) K> mwrrc on the inductive

o 0.09 0 90
L 0.07 L 70
N 0.05 & 50
X i ; C
0.03 30 -
1 3 5 7 9 15 17 19 21
Dimensions (mm) d, (mm)

O
w
w
T
o
X i H
45 55 65 75 68 78 88 98
d4 (mm) d3 (mm)
(W]
o © - '
° — Sy~ w. Syl w.
- = —|S,4|- wlo. = =|S,]- w/o.
%_20 1S54 [S43l
2
© -40
© [ X X}
o \
o 60 ————— —
6 7 8 9 (X1 14 15 16 17
Frequency (GHz)
()

Fig. 4. (a) Extracted K> 1rrc as a function of d>, ¢; and extracted Q. rrrc as a
function of d;. (b) Extracted K, urrc as a function of d, and extracted Q.,
nrrc as a function of d;. (¢) EM S-Parameters simulation with/without adding
releasing hole/slots.
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Fig. 5. Second order two-channel nested BPFs. (a) CAD model for SLA-

based manufacturing (left). Bird-eye view of the manufactured prototype
(right). (b), (c) RF measured and EM-simulated S-parameters.
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iris’s width (ds) and of: ii) Qe wrrc as a function of an
inductive iris’s width (d3)— when its thickness is chosen as 1
mm. Using these studies as a basis, the dimensions of the
HFFC are selected as follows: L3 = 8.4 mm, /43 =4.1 mm, Ny,
=11.6 mm, O; = 5.85 mm, P, =6.25 mm, ds = 8.15, dy=5.3
mm.

To facilitate monolithic integration using SLA 3D printing,
release holes and slots are added on the filter walls to enable
copper plating of the plastic walls using a commercially
available wet chemical solution without impacting the
performance of the filters. This is achieved by selecting
dimensions to be smaller than 4,/10 and by placing the slots
along current paths to avoid unwanted radiation. For the case
of the LFFC, the holes diameter is set equal to 2.25 mm, and
the slot dimensions (width x height) are 1.4 mm x 11 mm. Due
to the smaller size of the HFFC, its holes have a diameter of
1.5 mm. The EM-simulated performance before and after
adding release holes/slots of the overall RW-WG-based BPF
are provided in Fig. 4(c). As can be seen, the perforations do
not affect the performance of the two channels.

III. EXPERIMENTAL VALIDATION

To validate the dual-channel nested RW-WG BPF concept,
a prototype comprising two second-order BPFs was
manufactured using SLA 3D printing and a commercially-



Table.1 . Comparison with state-of-the-art multi-channel filters

Ref. [7] [8] [9] [13] T.W.
CNC CNC |Microstrip

Tech. CNC /DR DR ISTW SLA
UN-#M | 3-3/4/3 233 | 122 | 222 2212
feen

G 5.8/27/27 | 1.53/1.68 | 2.4 | 11.7/19.1 | 6.77/15.39
3-dB
FBW (%) 192&23 | 1.6/1.6 | 0.6 |532/483| 7/53
IL (dB) |0.9-0.6-0.7 | 0.68-0.68 | 1.01 | 0.91-1.22 | 0.16-0.2
IS‘(’(I;;;‘)O“ N.A/47/53 | 30/24.5 | 25 |38.7/45.6| 95/71
Vol. i) | 0.035 0.027 [0.043|121() | 0.17
ICFR No No No No Yes

T.W.: This work, DR: Dielectric resonator, #N: number of channels, #M:
order, ICFR: Independent center frequency reconfigurability.

available copper-plating process. Its corresponding CAD
model for monolithic 3D printing and its manufactured
prototype are provided in Fig. 5(a). As shown, an orientation
angle of 9° is applied through the x-z plane, and external
support structures are used to aid manufacturing without the
need for internal supports that could otherwise affect the
performance of the dual-channel BPF. The manufactured
prototype has a weight of only 63 g.

Its RF performance was characterized using a Keysight
PNA-X network analyzer and provided in Fig. 5(b). It exhibits
the following characteristics: i) LFFC: firrc = 6.77 GHz, 3 dB-
FBW of 7%, minimum in-band IL of 0.16 dB that corresponds
to a Qg of 1,060 and 20 dB upper-stopband up to 11.6 GHz
(1.72 ratio OffLFFC,z /ﬁFFCJ) 11) HFFCZfHFFc_1 = 15.39 GHZ,
3dB-FBW of 5.3%, minimum in-band IL of 0.2 dB that
corresponds to a Qe of 1,365. The isolation between the two
different channels was also measured and is provided in Fig.
5(c). As observed, the maximum isolation between the LFFC
and HFFC was measured around 95 dB. Finally, a comparison
with the EM simulated S-parameters is also shown in Fig. 5(b)
and appears to be in good agreement successfully validating
the proposed dual-channel RW-WG filter concept.

Lastly, Table 1 presents a comparison between the proposed
nested dual-channel RW-WG filter and existing state-of-the-
art (SOA) dual/multi-channel filters. To the best of the
authors’ knowledge, this is the only dual-channel and
monolithically-integrated 3D waveguide BPF that is realized
using a nested RW-WG resonator approach. It out-performs
the SOA in terms of ultra-high channel isolation (> 60 dB),
independent channel control and compact size through volume
re-use and monolithic SLA-based integration. Furthermore, it
also has the lowest IL. The demonstrated channel flexibility
makes this concept very promising for emerging multi-
standard RFFEs.

IV. CONCLUSION

This paper presented an ultra-compact dual-channel 3D
waveguide filter concept based on a novel nested RW-WG
resonator approach. Size compactness is achieved by: i) re-

using traditionally unused areas of a ridge waveguide and ii)
monolithic integration enabled by stereolithography apparatus
3D printing. For proof-of-concept validation purposes, a dual-
channel RW-WG BPF was designed, manufactured and tested.
It exhibited a second order low frequency filtering channel at
6.77 GHz with minimum in-band insertion loss (IL) of 0.16
dB (Q of 1,060) and 3 dB FBW of 7%, and a second order
high-frequency filtering channel at 15.39 GHz with minimum
IL 0f 0.2 dB (Qepof 1,365) and 3 dB FBW of 5.3%.
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