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Abstract—A co-aperture dual-band linearly polarized slot
array based on ridge gap waveguide (RGW), operating at the
74–78- and 102–106-GHz bands, is designed. In each subar-
ray, two groups of longitudinal slots for two frequency bands
are excited by a single RGW channel to achieve dual-band
unidirectional radiation. Additionally, grooves and notches are
implemented inside the RGW structure to improve dual-band
matching, and two bandpass filters (BPFs) are incorporated
at each side of the subarray to realize independent dual-band
feeding while also providing filtering characteristics. The pro-
posed subarray operates as a single channel. It can expand into
a multichannel array, enabling multiple-input multiple-output
(MIMO) when each subarray is individually excited or broadside
radiation when all subarrays are simultaneously excited. A planar
array of four subarray columns was fabricated to validate the
dual-band concept and its broadside radiation performance. The
simulated and measured results show good agreement.

Index Terms—Bandpass filter (BPF), dual bands, gap waveg-
uide (GWG), slot array.

I. INTRODUCTION

WAVEGUIDE slot array antennas have extensive use in
wireless communication and radar systems, attributed

to their low loss, high mechanical strength, and substantial
power-handling capabilities [1], [2]. Their most common
applications include generating high-gain beams [3], enabling
multiple-input multiple-output (MIMO) capabilities [4], and
performing beam scanning [5], typically realized within a
single frequency band. It is also appealing to achieve dual-
band radiation with slot arrays, as it enhances system flexibility
and functionality within a relatively compact size. Various
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dual-band slot array designs have been reported [6], [7], [8],
[9], [10], [11], [12], [13], [14], [15], [16], [17], [18], [19],
[20], [21], [22], [23], [24].

In [6], a dual-band coaxial resonant cavity structure is
proposed, enabling a single slot to achieve dual-band single-
polarized radiation. A corporate network feeds these cavities to
realize a planar array. In [7], multiple dual-band dual-polarized
slots are excited by a single high-order mode cavity resonator,
eliminating the need for a power-splitting network. However,
both designs differ from series-fed waveguide slot arrays and
can only support broadside radiation.

A more common dual-band configuration employs multiple
closely packed waveguide slot arrays [8], [9], [10], [11], [12],
[13], [14], [15], [16], [17], [18], which enables broadside
radiation and supports independent channel operation. In [8],
[9], [10], [11], [12], [13], and [14], offset broad-wall longi-
tudinal slot arrays and narrow-wall slot arrays are interlaced
to realize a dual-polarized array, where the two sets of arrays
can operate either at different bands or the same band due
to independent channels. It is worth noting that those feeding
waveguides are typically loaded with a ridge to reduce the
element spacing, and the side-wall slots must extend into the
neighboring walls of the feeding waveguide, which results
in a complex nonplanar structure. In [15], [16], [17], and
[18], broad-wall longitudinal slot arrays are employed for both
bands to enable dual-band single-polarized radiation. In this
setup, the high-frequency (HF) slot arrays are interleaved and
stacked above the low-frequency (LF) ones to minimize further
the element spacing, which leads to a multilayer structure.
Although those designs can achieve the desired performance,
the densely arranged waveguide channels, nonplanar aper-
tures, and complex 3-D structures can significantly increase
the manufacturing complexity and cost, particularly at high
millimeter-wave frequencies.

In addition, several attempts have been reported to excite
dual-band slots with a single waveguide channel [19], [20],
[21], [22], [23], [24], aiming to achieve dual-band radiation
in a simpler structure while maintaining the flexibility of
independent channel operation. In [19] and [20], two sets of
slots for dual bands are located on opposite broad walls of the
waveguide. However, this configuration only radiates in oppo-
site directions. In [21], [22], and [23], dual-band longitudinal
slots are etched on the same broad wall of a waveguide but
in different regions along the longitudinal direction, which
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does not create a true co-aperture. In [24], longitudinal and
transverse slots are implemented on the same broad wall of a
waveguide. However, this design is not a conventional series
slot array, as the waveguide is excited by a corporate power
divider at the back, resulting in a bulky structure. Moreover,
most of these designs exhibit undesired impedance matching
and narrow bandwidth, indicating the significant challenge
associated with this single waveguide feeding configuration.

Here, we present a W-band dual-band single-polarized
filtering slot array based on ridge gap waveguide (RGW),
with the main novelties summarized as follows. This design
features a shared waveguide channel for dual-band slots,
unidirectional radiation, and a truly shared planar aperture, and
its configuration is carefully refined to simultaneously sup-
port dual-band broadside radiation and independent channel
operation (e.g., MIMO) when extending the subarray into a
planar array. To the best of authors’ knowledge, our proposed
design is the first to achieve these functionalities. Additionally,
two bandpass filters (BPFs) are incorporated at each side of
the subarray to achieve independent dual-band feeding and
filtering characteristics. In this unique approach, a dual-band
standing-wave slot array is realized through complete reflec-
tion provided by two BPFs, distinguishing it from traditional
designs that rely on short-circuit terminations. Furthermore,
the proposed configuration naturally enables easy integration
of RF electronics with the antenna array, offering an alternative
to complex diplexers for dual-band excitation and providing
greater flexibility in system integration.

The dual bands are 74–78 and 102–106 GHz (frequency
ratio = 1.37:1), aiming to facilitate potential applications for
6G wireless networks [25]. In each waveguide channel, HF
slots are placed along the inner region of the broad wall,
with LF slots arranged on the outer sides of the HF slots.
Matching grooves and notches are implemented to improve the
dual-band reflection coefficient. The proposed antenna array
features a straightforward fabrication process, benefiting from
its planar geometry and GWG architecture. By eliminating the
need for electrical contact between metal layers [26], [27],
[28], [29], [30], GWG greatly simplifies the implementation
of antenna arrays at W-band and beyond [31], [32], [33], [34].

This article is organized as follows. Section II explains the
mechanism of the dual-band subarray, including the coex-
istence design of dual-band slots and impedance matching
techniques. Section III presents the designs of subarray with
independent dual-band feeding enabled by BPFs. Section IV
examines a four-column planar array operating in two scenar-
ios: MIMO when each subarray is individually excited (e.g.,
MIMO radar) and broadside radiation when all subarrays are
simultaneously excited. A prototype for broadside radiation
is manufactured and measured to verify the concept. The
conclusion is provided in Section V.

II. DUAL-BAND SLOT SUBARRAY DESIGN

As shown in Fig. 1, the dual-band subarray design begins
with a single-port version. One feeding port is at one side
of the waveguide channel for both bands, while the other
side of the RGW is short-circuited by connecting the ridge
and the top plate, which enables the subarray to operate as

Fig. 1. Structure of the basic dual-band subarray.

a standing-wave slot array antenna at both bands (this short-
circuit structure is used solely for simulation purposes). In
this design, eight HF slots, operating at 102–106 GHz, are
interleaved above the ridge edges, while six LF slots, operating
at 74–78 GHz, are positioned in the outer region of the RGW,
relatively farther from the ridge. This arrangement positively
correlates the offset with the frequency, avoiding overly large
spacing between the interleaved HF slots. Furthermore, match-
ing notches are carved on the ridge edges beneath each HF
slot, and matching grooves are placed at the bottom of the
RGW under each LF slot. The dual-band subarray’s operating
principle and matching techniques are explained in Sections
II-A–II-C.

A. Coexistence of Dual-Band Slots

Given the 1:1.37 frequency ratio, interference between dual-
band slots is insignificant. At LF, HF slots are essentially cut
off, contributing negligible radiation. At HF, LF slots radiation
is significantly suppressed but can slightly radiate in the
fundamental mode, while the second-order split-beam mode
(resonating at double LF) is not excited. In addition, the ridge
primarily influences HF slots, enhancing flexibility in dual-
band control, especially with matching structures (notches and
grooves). Notably, this configuration potentially supports a
broader frequency ratio range (approximately 1:1.2–1:1.85),
which will be discussed in future work.

As mentioned, there are still some interactions between
the dual-band slots. To evaluate this, the subarray without
matching grooves or notches is examined first. The LF per-
formance is initially compared in two scenarios: one with
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Fig. 2. Comparison of simulated S11 of subarrays (without matching
techniques) in different cases.

both LF and HF slots and the other with only LF slots. As
depicted in Fig. 2, with only LF slots, S11 is below −12 dB
from 74 to 78 GHz, where a noticeable double resonance
can be observed, indicating that the LF slots are overloaded.
Overload refers to the condition where the total normalized
conductance of all slots exceeds unity at the center frequency,
causing a slight mismatch but leading to a broader bandwidth
[3]. The relatively large offsets of LF slots, necessary for
accommodating HF slots, contribute to this high conductance.
Although this performance is acceptable, S11 deteriorates from
−12 dB to around −10 dB upon the addition of HF slots. This
resembles an intensified overload effect, despite the bandwidth
not further widening.

Similarly, the HF performance is compared with and with-
out LF slots. As depicted in Fig. 2, with only HF slots,
S11 exhibits a single deep resonance at around 103 GHz
with around 3.7-GHz, −10-dB bandwidth, indicating good
matching (underload) due to smaller slot offsets [3]. Upon
the implementation of LF slots (the HF slot length is slightly
tuned), almost identical bandwidth can be achieved.

Hence, it can be concluded that this subarray exhibits
excessive overloading at the LF band (double resonance, wider
bandwidth, and relatively high reflection level) and under-
loading at the HF band (single deep resonance and narrower
bandwidth). This performance is attributed to the constraints of
slot offsets imposed by the coexistence of dual-band slots, and
there is very limited space to adjust, especially considering the
manufacturing challenges at W-band. Therefore, we propose
two alternative matching techniques, grooves and notches, to
improve the dual-band reflection coefficient without altering
the slot layout.

B. Matching Grooves and Notches

To achieve a lower S11 level at the LF band, grooves are
placed underneath each LF slot to alleviate their overloading.
These grooves act as local vertical extensions of the RGW
structure in the regions, where the LF slots are located above,
equivalently reducing the relative offset of the LF slots. Fig. 3
illustrates the comparison of the reflection coefficient with and
without grooves: the S11 is improved from −10 dB to around
−15 dB near the center frequency of the LF band (76 GHz)
despite a slight reduction in bandwidth. This reduction can
be traded off by the depth and length of the groove and
further optimized in the subsequent design (together with the
LF BPF).

Fig. 3. Simulated S11 of dual-band subarrays with and without matching
techniques (the curve “without matching techniques” in this figure is the same
as the curve “LF + HF slots” in Fig. 2).

Fig. 4. Surface electric current distribution (x-component at its maximum
amplitude value) on the top broad wall of the RGW structure (without slots).
(a) With grooves at 76 GHz. (b) With notches at 104 GHz.

To further illustrate the impact of grooves, a single RGW
structure (with grooves but without slots) is simulated in the
traveling-wave scenario (with two ports at both sides and
one of the ports excited) to examine the surface electric
current distribution on the top broad wall of the RGW. Fig.
4(a) shows the transverse component (x-component) of the
surface electric current (at its maximum value) at 76 GHz,
where a nonuniform distribution can be observed. Particularly,
the transverse current on the top wall is notably weaker in
the regions where grooves are located beneath. Considering
the working mechanism of the longitudinal slot array that
slots interrupt transverse electric currents to generate radiation,
placing LF slots in these regions with weaker currents would
result in decreased effective conductance (radiation intensity).
Therefore, the LF slots will become less overloaded.

The groove’s underloading effect can be represented by the
circuit model shown in Fig. 5(a). Typically, a longitudinal
slot is modeled as a shunt conductance, and the groove can
be simply considered as an additional parallel conductance
gGroove, which is negative in this case. The total normalized
conductance (gTotal) of the slot-groove pair can be quantified
through S-parameter simulations in a two-port model [35],
given by

gTotal = Re
�
−

2S 11

1 + S 11

�
. (1)
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Fig. 5. Equivalent circuit models for slot geometries with integrated match-
ing structures and their influence on normalized conductance. (a) Groove.
(b) Notch.

The calculated results in Fig. 5(a) clearly indicate a reduction
in normalized conductance upon the implementation of the
groove, which is consistent with the weaker transverse surface
current in the groove region, as shown in Fig. 4(a). (Note that
these conductance values are not exactly identical to those
of the optimized slots in the final dual-band subarray due to
structural differences.)

Furthermore, the local introduction of the groove does not
alter the major dimensions of the original RGW; as a result,
it only slightly detunes the dual-band slots, a situation easily
remedied by fine-tuning the slot lengths. Additionally, as long
as the groove size is not excessively large, it has minimal
impact on the HF radiation pattern. It should be noted that
an overall vertical extension of the RGW structure can also
generate a similar underloading effect for LF slots. Still, it
could significantly detune the HF slots and destroy the well-
tuned HF S11 performance.

For the HF band, notches are implemented along the edges
of the ridge beneath each HF slot to achieve a broader
bandwidth by introducing an overloading effect. As depicted
in Fig. 3, the HF −10-dB bandwidth is extended from
around 3.7 to 5.7 GHz upon the deployment of notches,
with two resonances lower than −15 dB on either side of
the center frequency. Following the same methodology as for
grooves, an RGW structure (with notches but without slots) is
examined. Fig. 4(b) shows the surface electric current’s trans-
verse component (x-component) on RGW’s top broad wall at
104 GHz. The transverse current becomes noticeably stronger
in the regions where notches are implemented beneath, which
increases the effective conductance (radiation intensity) when
HF slots are deployed. Consequently, an overloading effect
can be achieved.

Notably, in this simulation, some noticeable reflections from
the notches can be observed near the feeding port (on the
left), as shown in Fig. 4(b). However, these reflections will
not exist when the radiating slots are implemented and well-
tuned. Additionally, the approximately semicircular shape of
the notch in the final design, as shown in Fig. 1, was adopted
to accommodate CNC fabrication techniques.

Fig. 6. Comparison of simulated radiation patterns at 76 GHz.

Fig. 7. Comparison of E-field distribution (x-component) at 76 GHz (0.1 mm
above the aperture).

The notch can similarly be represented as a positive par-
allel conductance gNotch in the circuit model [Fig. 5(b)]. The
gTotal of the slot–notch pair can also be calculated using (1).
The calculated results demonstrate an increase in normalized
conductance upon the implementation of the notch, which is
consistent with the stronger transverse surface current in the
notch region, as shown in Fig. 4(b).

In addition, the introduction of notches will only have a
minimal effect on the resonance frequency of HF slots, which
can also be easily adjusted by fine-tuning the slot length.
Given that the notches are located far from the LF slots and
have small electrical dimensions at the LF band, they will not
influence the LF performance.

In summary, the groove and notch have opposite effects on
the slot’s effective conductance at their respective bands and
have no significant impact on each other’s bands. This enables
the subarray’s dual-band reflection coefficient to be improved
oppositely and independently.

C. Dual-Band Radiation Patterns

In addition to the impedance matching, the radiation pat-
tern of the dual-band subarray is also examined, particularly
focusing on the mutual influence of dual-band slots.

At the LF band, using the same methodology described in
Section II-A, the slot array is analyzed under two scenarios:
one with only LF slots and the other with dual-band slots. As
illustrated in Fig. 6, after the implementation of HF slots, the
3-dB E-plane beamwidth at 76 GHz decreases from 43.8◦ to
40.4◦, and the gain increases from 15.7 to 15.8 dBi. This trivial
difference is because the HF slots are basically cut off at the
LF band, barely contributing to the LF radiation. The E-field
distribution (x-component) above the aperture at 76 GHz for
both cases is depicted in Fig. 7 to demonstrate this behavior.
When dual-band slots are implemented, the electric field at
the HF slots is very weak compared to that at the LF slots.
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Fig. 8. Comparison of simulated radiation patterns at 104 GHz.

Fig. 9. Comparison of E-field distribution (x-component) at 104 GHz (0.1 mm
above the aperture).

Therefore, the overall radiation performance in the LF band
is similar, regardless of the presence of HF slots.

Additionally, the subarray’s LF E-plane pattern is inherently
narrow due to the relatively wide transverse spacing (double
the offset) between the LF slots, which equals 0.56 wavelength
at 76 GHz (2.35 mm, as shown in Fig. 1). Fig. 6 provides a
comparison of H-plane patterns, also showcasing negligible
variance.

A similar comparison is conducted at the HF band, but the
performance is different. As depicted in Fig. 8, in the absence
of LF slots, the E-plane pattern at 104 GHz is considerably
wide, with a 3-dB beamwidth of 113.2◦ and a gain of 13.7 dBi.
This is due to the transverse spacing between HF slots being
only 0.31 wavelengths at 104 GHz (0.9 mm, as shown in
Fig. 1). After implementing the LF slots, the beamwidth
decreases to 63.4◦, and the gain increases to 15.5 dBi since the
LF slots also partially contribute to the HF radiation. Fig. 9
illustrates the E-field distribution at 104 GHz for both cases.
Noticeable radiation is observed at the LF slots, which are
nearly in phase with the radiation at the HF slots. This is
equivalent to increasing the radiation aperture of the subarray
at the HF band. The H-plane patterns also demonstrate the gain
enhancement, as depicted in Fig. 8. Although there is some
degradation of the H-plane sidelobe level (SLL), it remains
lower than −12 dB.

It should be noted that the higher gain and narrower
beamwidth are beneficial when extending the subarray along
the E-plane to form a single beam planar array. Due to the
existence of dual-band slots and the manufacturing concerns
at such frequencies, the width of the subarray channel reaches
1.2 wavelength at 104 GHz (3.1 mm, as shown in Fig. 1), typ-
ically introducing the risk of grating lobes. However, the HF
gain enhancement from the LF slot radiation will effectively
suppress the grating lobes.

Based on these simulation results, the proposed subarray can
achieve a desirable performance at dual bands, demonstrating

Fig. 10. Exploded view of dual-band subarray incorporated with BPFs.

the feasibility of this dual-band slot layout and the matching
techniques.

III. DUAL-BAND SUBARRAY WITH FILTER FEEDING

To achieve independent feeding at both bands, a unique
configuration is employed with two BPFs incorporated on
either side of the subarray, as illustrated in Fig. 10. In this
setup, when the subarray is excited at the LF band through
the LF BPF, the HF BPF reflects all the signal received on
the opposite side, provided that it effectively rejects the LF
band. Similarly, this principle applies to HF excitation. As a
result, the subarray functions as a standing wave slot antenna at
both bands. This special filtering feeding method aligns with
the inherent characteristics of the resonant slot array, and it
offers an alternative to using a complex diplexer for dual-band
excitation, providing greater flexibility in system integration.

A. Designs of BPFs

Figs. 11 and 12 illustrate the designs of the HF and
LF BPFs, respectively. Inline groove GWG (GGW) resonant
cavities coupled through coupling posts are employed [36].
The filters are fed using RGW, incorporating a GGW-to-RGW
transition [29], to facilitate integration with the slot array
antenna.

The detailed dimensions of the HF BPF are provided
in Fig. 11. The simulated frequency response is shown in
Fig. 13, demonstrating that the design specifications have been
successfully met. A passband with insertion loss better than
−20 dB is achieved within the HF band, while a rejection level
exceeding 35 dB is observed in the LF band.

The LF BPF is designed using the same approach, and
its detailed dimensions are provided in Fig. 12. The only
difference is that a tuning pin is added at the center of
each resonant cavity in the final design to shift the TE101
mode to the desired frequency range, thereby eliminating
the undesired response around 100 GHz [37]. The simulated
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Fig. 11. Schematic view of the HF BPF with the top plate removed (Ri
represents the resonant cavities, dHF = 0.4 mm, h12 = h45 = 0.56 mm,
h23 = h34 = 0.63 mm, l1 = l5 = 1.65 mm, l2 = l4 = 1.58 mm, and l3 =
1.54 mm.)

Fig. 12. Schematic view of the LF BPF with the top plate removed (Ri
represents the resonant cavities, dLF = 0.5 mm, h12 = h23 = 0.65 mm, l1=
l3 = 2.30 mm, and l2 = 3.42 mm.)

Fig. 13. Simulated frequency response of the HF BPF.

frequency response, with and without the inclusion of the pins,
is presented in Fig. 14. A passband with insertion loss better
than −20 dB is achieved within the LF band, while a rejection
level exceeding 40 dB is obtained in the HF operating band.

B. Subarray Incorporated With BPFs

Then, as shown in Fig. 10, the HF and LF BPFs designed
above are incorporated at both sides of the slot array, with
proper distances from the slots to provide the desired stand-
ing wave distribution for slot excitation. Fig. 15 illustrates
the simulated S-parameters of the subarray. Around 4-GHz

Fig. 14. Comparison of the simulated LF BPF designed with hollow and
pin-loaded cavities.

Fig. 15. Simulated S-parameters of the subarray incorporated with BPFs.

Fig. 16. Simulated realized gain of the subarray incorporated with BPFs.

bandwidths (74–78 and 102–106 GHz) are achieved at HF and
LF bands. Since both BPFs provide good rejection on the other
band, better than 40-dB isolation between the two feeding
ports is achieved at both bands. The realized gain (Fig. 16)
shows the filtering characteristics at both bands, where the LF
gain is around 15.5 dBi and the HF gain is around 15.8 dBi,
and quite a sharp decrease is observed at the two sides of
the operating bands. The radiation pattern of the subarray is
presented in Fig. 17. The H-plane SLLs are −15.2, −15.1,
and −12.3 dB at 74, 76, and 78 GHz, respectively, and −11.8,
−11.3, and −10.3 dB at 102, 104, and 106 GHz, respectively.
The simulation results of the single-column subarray show the
feasibility of the scheme.

IV. FOUR-COLUMN PLANAR ARRAY

The proposed subarray can be extended along the E-plane
into a multicolumn planar array, potentially supporting dual-
band MIMO functionality (e.g., MIMO radar) when integrated
with independent feeding ports for each subarray or broadside
fixed-beam radiation when fed by power dividers. Specifically,
the RGW architecture effectively reduces the lateral dimension
of the subarray, thereby efficiently suppressing grating lobes
under broadside radiation. In this section, both cases are
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Fig. 17. Simulated radiation patterns of the subarray incorporated with BPFs.
(a) LF band, 74–78 GHz. (b) HF band, 102–106 GHz.

Fig. 18. Structure of the four-column planar array with independent feeding
ports.

simulated and analyzed. A fixed-beam radiation case has been
chosen for manufacturing to verify the performance.

A. Four-Column Planar Array With Independent Feeding
Ports for MIMO Scenario

Fig. 18 illustrates the four-column planar array with eight
independent feeding ports for both bands. One row of pins is
placed between adjacent columns to achieve a narrow subarray
spacing. The simulated S-parameters of the center column (at
Ports 2 and 6) are given in Fig. 19(a), where the reflection
coefficients (S22 and S66) and rejections (S26 and S62) at both
frequency bands are basically the same as those of the isolated
subarray, as given in Fig. 15.

The mutual coupling between adjacent columns at the LF
band (S21 and S23) is quite low, below −24 dB. As shown in
Fig. 19(a), although the LF slots near the interface of the two
columns are in close proximity, their interleaved arrangement
along the Y-axis prevents the occurrence of strong mutual

Fig. 19. (a) Simulated S-parameters of the four-column planar array with
independent feeding. (b) Active reflection coefficients when all ports are
simultaneously excited.

Fig. 20. Structure of the four-column planar array fed by power dividers (two
ports are at the bottom).

coupling. The main coupling, instead, arises from the LF
slots sharing the same Y-coordinate and spaced at a subarray
spacing distance (3.1 mm, equivalent to 0.785 wavelengths at
76 GHz).

The mutual coupling (S65 and S67) at the HF band is
even lower, below −30 dB. This is primarily attributed to
the dual-slot configuration, where the HF lateral radiation is
suppressed by the LF slots, as explained in Section II (Fig. 8).
For reference, S76 of the four-column array without LF slots
is also simulated and presented in Fig. 19(a) (purple line),
approximately equal to −24 dB at the HF band. This 6-dB
difference suggests that LF slots also operate as a decoupling
structure at the HF band in addition to a gain enhancement
technique in this design. The simulated performance suggests
that the proposed slot array can be a good candidate for dual-
band MIMO applications.

As a supplement, the active reflection coefficients when all
ports are simultaneously excited with equal amplitude and
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TABLE I
GAINS, RADIATION EFFICIENCIES, AND SLLS OF THE PROTOTYPE

TABLE II
COMPARISON OF DUAL-BAND SLOT ARRAY SCHEMES

Fig. 21. (a) Manufactured prototype. (b) Measurement environment.

phase are shown in Fig. 19(b). Due to the low mutual coupling,
they are similar to the reflection coefficients in Fig. 19(a).

As a supplement, the active reflection coefficients when all
ports are simultaneously excited with equal amplitude and
phase are shown in Fig. 19(b). Due to the low mutual coupling,
they are similar to the reflection coefficients in Fig. 19(a).

Fig. 22. Simulated and measured S-parameters of the prototype.

B. Four-Column Planar Array Fed by Power Dividers for
Fixed Beam Radiation

To achieve dual-band fixed beam radiation, two 1-to-4
power dividers are deployed on both sides of the planar array
for equal-power and in-phase excitation, as shown in Fig. 20.
For this fixed beam scenario, the power divider is placed
between the slot array and the BPF, partly to ensure design
consistency, but more importantly because the virtual short-
circuit point provided by the BPF needs to be as close as
possible to the slot array to avoid bandwidth reduction.

The feeding ports of the two power dividers are each
transitioned to WR-10 standard waveguides for measurement.
The top layer of the prototype is thickened around the radiation
apertures by 1 mm to enhance structural strength, which does
not impact the performance since it is relatively far from the
radiation slots. In this design, filters and power dividers are
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Fig. 23. Simulated and measured radiation patterns of the four-column planar array prototype.

configured at the same layer as the slot array antenna for
simplicity and to prove the concept. If a smaller antenna
footprint is required, it can be constructed in a multilayer
architecture to minimize the overall size further. Fig. 21(a)
shows the prototype, which was CNC-milled from brass and
finished with gold plating, and the measurement environment
is illustrated in Fig. 21(b).

Fig. 22 illustrates the simulated and measured S-parameters
of the prototype. The simulated reflection coefficients at both
bands are very similar to the active reflection coefficients of
the four-column array [Fig. 19(b)], as the insertion losses
introduced by the power dividers and transitions are negligible.
The −10-dB bandwidth covers 74–78 and 102–106 GHz,
respectively. The measured results match the simulation quite
well despite the slight degradation in the HF band (above
100 GHz), which should be due to the manufacturing toler-
ances.

Fig. 23 illustrates the simulated (PEC) and measured radi-
ation patterns. Table I lists the simulated and measured data
of gains and SLLs. In addition to the simulated gain results
using PEC, we have also performed simulations using gold
material with surface roughness (0.4 µm) based on the fabri-
cation process, obtaining corresponding radiation efficiencies
of approximately 86% and 78% at LF and HF, respectively.
By comparing the simulated and measured data, the measured
efficiencies are estimated to be approximately 85% and 78%,
which show good agreement with the simulations. The detailed
simulated gains corresponding to these efficiencies are also
provided in Table I.

The proposed work and previously reported dual-band slot
arrays are compared and presented in Table II. Our design

implements a GWG-based shared waveguide solution with a
planar structure and aperture at the W-band, avoiding the com-
plexity of densely packed or stacked waveguide configurations
and providing filtering characteristics through integrated BPFs.
This makes this work a good candidate for HF applications.

V. CONCLUSION

This article has presented a linearly polarized dual-band slot
array antenna operating at 74–78 and 102–106 GHz, featuring
shared waveguide channels for dual-band slots and a planar
aperture. Two BPFs have been employed to obtain the dual-
band independent feeding and filtering characteristics. The
dual-band subarray has the potential to be used in MIMO
and fixed-beam applications. A planar array prototype of four
subarray columns has been fabricated and manufactured to
verify this concept. This work has provided a new dual-
band slot array solution with a simpler structure and desired
performance. The broader frequency ratio range (1:1.2–1:1.85)
supported by this configuration will be explored in future
work.
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less S.L., Ansoáin, Spain, a spin-off company of
UPNA. His research interests include periodic struc-

ture devices for microwave, millimeter-wave, and terahertz frequency ranges,
numerical techniques for inverse scattering synthesis, and the design of passive
components for communication satellites.

Dr. Arregui received a grant from the Spanish Ministry of Science and
Innovation and several prizes, including the Extraordinary Doctorate Prize of
UPNA, the HISDESAT Prize from the Spanish Telecommunications Engineers
Association (COIT/AEIT) for the Best Doctoral Dissertation in Satellite
Services, and the Innovation Award from Alberto Elzaburu Foundation.

Miguel A. G. Laso (Fellow, IEEE) received the
M.Sc. and Ph.D. degrees in telecommunications
engineering from the Public University of Navarre
(UPNA), Pamplona, Spain, in 1997 and 2002,
respectively.

From 1998 to 2001, he was a Doctoral Fellow
Student with the Electrical and Electronic Engineer-
ing Department, UPNA, where he was an Assistant
Professor, from 2001 to 2006. From 2002 to 2003,
he was a Research Fellow with the Payload Systems
Division, European Space Research and Technology

Centre, European Space Agency (ESTEC-ESA), Noordwijk, The Nether-
lands.He is currently the Head of the Microwave Components Group (MCG),

UPNA. He is the Co-Founder of TAFCO Metawireless S.L., Ansoain, Spain,
a spin-off company of UPNA. He has been an Associate Professor (Professor
Titular), since 2006, always involved in teaching and research duties related
to optical communications and microwave engineering. He has authored or
co-authored dozens of journal articles and contributed to major international
conferences. He has led projects with public and private regional, national, and
international funding within the MCG and UPNA. He holds several interna-
tional patents, some of them used by the space industry. His research interests
include periodic structures, inverse scattering problems, synthesis techniques
for filters and multiplexers in the microwave and millimeter-wave frequency
ranges, and their applications in wireless and space communications.

Dr. Laso is a member of several professional and scientific international
associations, including the Optical Society of America (OSA), the Interna-
tional Society for Optics and Photonics (SPIE), and the American Society
for Engineering Education (ASEE). He is a member of MTT-5 Filters and
the MTT-S Education Committee. He is a TPRC Member of the MTT-S
International Microwave Symposium (IMS), TPC member of the European
Microwave Conference (EuMC), and a reviewer for several other international
conferences and journals. He received several prizes, including the Spanish
National Prize to the Best Doctoral Dissertation in telecommunications from
the Spanish Telecommunications Engineers Association (COIT/AEIT), in
2002, the Junior Research Award of UPNA, in 2003, and the 2005 Spanish
National Prize for the Best Project in Innovation in Higher Education from
the Spanish Ministry of Education and Science. He was the Co-Chair of
the EuMC’18 (Madrid) and he is the Co-Chair of the Education Resources
Development Subcommittee. He is the Chair of the Working Group of
Standards for Microwave Filter Definitions, IEEE Standards Committee. He
was an Associate Editor of IEEE TRANSACTIONS ON MICROWAVE THEORY
AND TECHNIQUES, from 2019 and 2022. He is the current President of the
URSI Spanish National Committee.

Thomas Emanuelsson received the Master of Sci-
ence degree in electronic engineering from the
Chalmers University of Technology Gothenburg,
Sweden, in 1984.

He is currently holding a position as a Senior
Expert in Microwave and SubTHz Technology at
Ericsson AB and also a position as an Adjunct
Professor at the Microwave Electronics Laboratory,
Department of Microtechnology and Nanoscience
(MC2), Chalmers University of Technology. Exten-
sive background in mmWave radio communication,

radar phased array systems, and MMIC technology.

Ashraf Uz Zaman (Senior Member, IEEE) was born
in Chittagong, Bangladesh. He received the M.Sc.
and Ph.D. degrees from the Chalmers University of
Technology, Gothenburg, Sweden, in 2007 and 2013,
respectively.

He is currently an Associate Professor with
the Communication and Antenna Systems Division,
Chalmers University of Technology. His current
research interests include high gain millimeter-
wave planar antennas, gap waveguide technol-
ogy, frequency-selective surfaces, microwave passive

components, RF packaging techniques, and low-loss integration of electronics
with multi-layer antenna technology.

Dr. Zaman is a member of the IEEE Microwave Theory and Techniques
Society (MTT-S), the IEEE Antennas and Propagation Society (AP-S), and
a reviewer of various IEEE and IET conferences and journals. He is also
co-founder of the Chalmers startup company named Gapwaves AB and holds
several patents.

Ahmed A. Kishk (Life Fellow, IEEE), photograph and biography not
available at the time of publication.


