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Wideband Untilted Narrow Wall Slotted
Partially-Staggered Waveguide Array Based on

Metalized Molded Plastic at E-band
Alejandro Garcia-Tejero, Fernando Rodrı́guez Varela, Roberto Torres-Sánchez,

Mateo Burgos-Garcia and Francesco Merli

Abstract—A slotted waveguide antenna for automotive MIMO
radar at 76-81 GHz consisting of a linear array with radiating
untilted slots in the waveguide narrow wall is presented. Novel
electrically large shared protrusions (> λ0/2) in the waveguide
walls to perturb transversal currents for high polarization purity
while holding TE10 transmission properties and maintaining
manufacturing constraints for millimetre-wave high-volume pro-
duction are proposed. The design consists of only two layers
of metallized plastic fabricated with injection molding, physical
vapor deposition (PVD), electroplating, and soldering processes.
Details about design methodology, electromagnetic simulations,
and manufacturing process are disclosed. Prototyping confirms
the feasibility of the proposed antenna concept at E-band and its
outstanding performance, with an impedance bandwidth above
13.1%, 90% (-0.5 dB) of radiation efficiency at 78.5 GHz and a
high cross-polar discrimination (28 dB).

Index Terms—Waveguide, antenna array, untilted slot, narrow
wall, metallized plastic, automotive radar, E-band.

I. INTRODUCTION

M Illimetre-wave automotive radars are based on digital
beamforming (DBF) systems, which consist of several

subarrays with moderate gain connected to integrated circuits
(IC) [1]. Waveguide or gap waveguide [2], [3] antennas are
promising candidates for this application due to their low-loss
for long feeding networks and broadband impedance matching.
Nonetheless, waveguides are challenging to fabricate cost-
efficiently at high frequencies. Numerous well performing
examples on milling [4], [5], micro-machining [6], [7], or 3D
printing [8], [9] are available. However, these technologies
are unsuitable for mass production. A promising alternative
combines plastic injection molding and plating, achieving a
low weight and high efficiency [10]–[12].

Narrow wall slot waveguide arrays enable to minimize
spacing between antenna elements for DBF. In this case,
the slots are usually tilted to be excited, and the inclination
controls their coupling [13], [14]. However, this tilt creates an
undesired cross-polar component, reducing efficiency signifi-
cantly for small linear arrays (see Fig. 1). Multiple researchers
have tackled this topic previously. Dudley [15] and Elliott
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Fig. 1. The proposed antenna architecture compared to prior art. Longitudinal
over transversal views, with metal in gray scale and blues for vacuum.

[16] proposed placing electrically small obstacles (λ0/10)
on each side of the slots, which modified the currents flow,
enabling untilted slots and low cross-polar. Unfortunately, this
method is unfeasible at 77 GHz. Ghasemi [18], and Li [19]
suggested using metal fences on the top surface surrounding
the slots, reducing by 8 dB the cross-polar component, while
adding λ0/4 of extra thickness. Kildal [20] and Herranz [21]
proposed adding parasitic metallic strips on dielectric plates;
at the expense of causing additional losses at high frequencies.
Sakakibara [10], [22] introduced the first narrow wall arrays at
77 GHz, obtaining good results for 2D arrays using protrusions
below the slots. Their concept is constrained to λg spacing
between slots to radiate in phase, which for 2D arrays can
be solved by interleaving columns, whereas for linear arrays,
it causes grating lobes. This work proposes an outperforming
and cost effective solution to these limitations at millimetre-
wave frequencies.

This letter presents a novel metalized plastic untilted
narrow-wall slotted waveguide linear array design suitable for
76-81 GHz automotive MIMO radar. As illustrated in Fig. 1,
the design comprises innovative electrically large protrusions
(> λ0/2), which alter the surface currents to enable untilted
slot radiation while remaining manufacturable at E-band. An
elementary unit analysis has been performed and confirmed
by measurements on prototypes of the antenna array.

II. ELEMENTARY SLOT WAVEGUIDE

The elementary unit of the proposed antenna is depicted in
Fig. 2(a). The waveguide cell has been split in the center of
the broad wall where currents are zero to ensure robustness

Page 2 of 6

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



2

Fig. 2. (a) Representation of the elementary slot waveguide model. (b)
Schematic of linear end-fed waveguide slot array.

to tolerances and minimize losses [18]. The upper layer of
the waveguide contains two protrusions or insets to enhance
the excitation of the radiating slot radiation by perturbing
the surface currents of the TE10 mode. Both insets are
characterized by their constant depth (ap) and length (lp) along
the array, as well as by their linearly varying widths. These
variations are defined in the longitudinal direction and by two
taper parameters (b1p and b2p), one per protrusion. The taper
parameters allow an independent adjustment of the excitation
of every radiating slot. Each inset is shared by two adjacent
radiators, as shown in Fig. 2(b), and its length is determined
by the separation between the slots, which is around half a
guided wavelength (λg/2).

A. Slot coupling

Resonant narrow wall slot array antennas can be modeled
as a transmission line where each slot is equivalent to a
shunt admittance. The normalized admittance Y/Y0 can be
derived from the scattering parameters of the elementary unit
waveguide of Fig. 2(a) [23], [24]:

Y/Y0 = G+ jB =
−2S11

1 + S11
(1)

where S11 is obtained by deembedding both feeding ports
to the slot center. The slot radiates the power dissipated by
the admittance in the circuit model, so the value of Y/Y0

influences the matching and the array’s excitation coefficients.
Y/Y0 has been computed for several combinations of

protrusion dimensions. The slot length is set to resonate at
f0 = 78.5 GHz, ls = λ0/2. The thickness thp is 0.5 mm,
the minimum achievable for the manufacturing technique. The
waveguide cross-section dimensions awg , bwg are set to 1.4
mm × 2.8 mm, between WR-10 and WR-12 standards.

Fig. 3 (a) and (b) depict the real and imaginary parts respec-
tively of the admittance as a function of the protrusion height
and width at f0. The conductance is very low for ap/awg <
0.15. For ap/awg ∈ (0.15 - 0.25), variations in b1p directly
impact the conductance, leading to a wide range from 0 to 0.8,
representing an ideal operational area. When ap/awg > 0.25,
the conductance drops, showing that the slot no longer behaves
as a shunt admittance. The imaginary part shows varying
values due to the combination of the susceptances of the slot
and inset. The values in the optimal operational region are

Fig. 3. Parametric results of normalized slot conductance (left column) and
susceptance (right column) for different insets sizes.

mainly inductive due to the discontinuity introduced by the
protrusion in the narrow wall [25].

The frequency dependence of the admittance is studied in
Fig. 3(c) and (d). In this case, an optimal value of ap = 0.2awg

is fixed to work in the ideal operation range area. Around
f0, the conductance is maximum while the susceptance is
almost null, similar to a conventional waveguide slot [23].
As b1p increases, the resonance is slightly shifted to lower
frequencies. This effect has already been observed for broad
wall slots when exciting the slot with high levels of radiation
[24].

In all previous experiments, b2p was set equal to b1p.
Now, the effect of the protrusion tapering is investigated by
independently changing both parameters, as shown in Fig. 3(e)
and (f). The conductance variations are dominated by b1p,
the dimension closer to the slot, while the effect of b2p is
negligible. This is a desired behavior since, when designing
the entire array, the admittance of a given slot can be adjusted
without influencing the neighboring ones sharing the same
protrusion. The susceptance also grows with b1p while being
unaffected by b2p, except when the latter takes values higher
than 0.7bwg , where it adds a residual capacitance.

B. Waveguide propagation

The transmission line model for slotted waveguide arrays is
valid as long as the propagation of the TE10 is not altered.
Due to the large dimension of the proposed protrusions, a
dedicated study has been performed to ensure that the disper-
sion characteristics of the waveguide remain unaffected within
the operating bandwidth. The analysis simulates a periodic
waveguide with varying protrusion dimensions without the
slots.
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Fig. 4. Propagation characteristics of the proposed waveguide for variations
of ap with b1p = b2p = 0.3bwg (solid) and b1p = b2p = 0.7bwg (dotted).

Fig. 4 (a) shows the dispersion diagram for several com-
binations of ap and b1p, maintaining b1p = b2p. A stable
dispersion curve against variations of b1p is desired since this
parameter adjusts the slot excitation in the design process.
Good stability is obtained for the optimal value of ap (0.2awg),
where β is identical to a hollow waveguide independently
of the inset width. The protrusion modifies the propagation
for high frequencies, introducing a high dispersion outside
the operating band at 85 GHz. For larger values of ap, the
protrusion alters the fundamental mode with different effects
depending on the value of b1p. For instance, for ap = awg and
b1p = 0.3bwg , the propagation exhibits a linear slope with low
dispersion; however, when b1p = 0.7bwg the mode becomes
highly dispersive. The group delay depicted in Fig. 4 (b) helps
to appreciate slope differences better.

III. COMPLETE ANTENNA DESIGN

A 6-slot sub-array antenna has been designed following
the requirements of automotive MIMO front radar: directive
elevation and moderately broad azimuth enabling DBF [1].
Typically, these sensors comprise several sub-arrays connected
to a common IC. Fig. 5 depicts an exploded 3D view of the
proposed antenna with the top and bottom views of the single
layers. Three main functional elements can be distinguished:

Fig. 5. Representation of the geometry of the proposed slotted waveguide
array antenna and the bottom and top view of both Layer#1 and Layer#2.

A. Feeding section
The antenna is fed through a waveguide opening at the

bottom, which in a commercial sensor is the interface to
a coupling element connected to the IC [1]. An E-plane
waveguide bend connects the port with a routing waveguide
section tied to the linear sub-array. The routing length affects
the antenna efficiency and has been set to 40 mm, a typical
value in commercial sensors where the IC interface is not
immediately close to the array location [26]. Finally, a T-
junction incorporates a septum, which matches the array,
removing all slots’ combined susceptance.

B. Slotted waveguide
The antenna implements a center feeding scheme based on a

T-junction for bandwidth enhancement. The equivalent circuit
of the array is two identical waveguide branches of 3 parallel
slots, each branch in series with the feeding line. The total
admittance of each branch must be 2, so when combined in
series, they match the transmission line admittance [23], [24].

Additionally, the normalized slot admittances (Yi/Y0) on
each branch are adjusted to obtain the desired radiation pat-
tern on the elevation plane using array synthesis techniques.
Typically, automotive sub-arrays require a low side-lobe level
(SLL) pattern which can be achieved with an amplitude
tapering of the slot excitations. Another desired characteristic
is the absence of deep nulls in the +/-20º range to maximize the
antenna field-of-view (FOV). Therefore, a slight linear phase
variation along slots is applied to remove the first null of the
elevation pattern.

The normalized admittance values are translated to pro-
trusion dimensions with the help of the conducted analytical
studies and a further optimization process. Fig. 6 shows the
electric field of the optimized structure at different sections.
The amplitude and phase of each slot are appreciated in the
cut XZ-plane.

Fig. 6. Electric field for different cuts of the proposed array. (a) XZ-plane
(Elevation plane), (b) YZ-plane (Azimuth plane).

C. Azimuth Cavity
Azimuth plane radiation pattern is adjusted with a cavity on

top of the array. The cavity focuses the field radiated by the
slots into a larger equivalent aperture, as shown in Fig. 6(b).
Increasing bcavity reduces the azimuth beamwidth and with
hcavity the phase error of the aperture can be controlled. The
two parameters are used to adjust the half-power beamwidth
(HPBW) of the array to 48º.
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IV. MANUFACTURING AND EXPERIMENTAL RESULTS

The linear subarray consists of two plastic layers fabricated
by injection molding. A deviation in the plastic expansion
coefficient for the molding process was identified, making
the parts larger by around 2%. Later, both pieces were
metalized employing physical vapor deposition (PVD) and
silver electroplating. Finally, the two metalized plastic layers
were soldered together. The entire process was carried out at
HUBER+SUHNER facilities [26]. The front and back views
of the individual layers are shown in Fig. 7.

Fig. 7. Front and back views of each metallized plastic layer of the fabricated
prototype.

Fig. 8 compares the measured results of the prototype, the
simulation of the nominal design and two scaled versions (98%
and 102%). Due to the variation in the plastic expansion, the
waveguide air was reduced by the same amount. It can be seen
how the good agreement of the scaled 98% simulation with
the measured results. The reflection coefficient is lower than
–15 dB in the 76-81 GHz band and below -10 dB between 73
to 82.6 GHz (13.1% of relative bandwidth).

Fig. 8. Simulated reflection coefficient for nominal, scaled versions, and
measurements of the manufactured prototypes.

The measured and simulated results of the radiation pattern
in the elevation and azimuth planes at 76, 78.5 (f0), and 81
GHz for the co-polar and cross-polar components are shown
in Fig. 9. The elevation plane exhibits a narrow beam with
a HPBW of 13°, 14° and 12° and a SLL of -22 dB, -20
dB and -19 dB respectively. The results exhibit very good
agreement with simulations. Additionally, Fig. 8(d) displays
the total efficiency over frequency, which is higher than 90% (-
0.5 dB), and the maximum of cross-polarization discrimination
level (XPD) in both radiation planes, going from 30 dB at 76
GHz to 28 dB at 81 GHz proving the design effectiveness.

To reflect the advantages of the proposed antenna design
to the previous state-of-the-art a comparison is presented in

Fig. 9. Measured (-) and simulated (- -) co-polar and cross-polar radiation
pattern at (a) 76, (b) 78.5, and (c) 81 GHz. (d) Total efficiency and XPD.

Table II. This work excels in terms of total efficiency, espe-
cially considering the length of additional waveguide routing.
The achieved XPD is consistent with narrow wall slotted
waveguide antennas in literature. Notably, this result was
obtained at a higher frequency or with a smaller array, which
poses significant design challenges. Additionally, the presented
solution outperforms impedance bandwidth benchmarks from
the existing literature, all while employing a simplified two-
layer design with integrated waveguide routing.

TABLE I
COMPARISON WITH PREVIOUS WORKS

Reference [4] [5] [10] [17] [19] [22] This work
Feeding BR BR NW NW NW NW NW

# of layers 2 3 2 2 3 2 2
fo (GHz) 94 77 77 17 35 77 78.5
BW (%) 3.0 6.4 7.7 11.7 8.5 24.2 13.1

Polarization V H H V+H V 45 V
XPD (dB) - - 29 33 25 29 28
G (dBi) 23.5 16.0 19.8 24.1 19.9 33.2 16.4
ϵ (%) 85 - 72 65 70 56 90

Note: BR broad wall waveguide, NW narrow wall waveguide, fo operation
frequency, BW relative impedance bandwidth (at -10 dB), G realized gain,

and ϵ total efficiency.

V. CONCLUSION

In this letter, a slotted waveguide array with untilted narrow-
wall slots has been presented. The design comprises novel
electrically large protrusions within the waveguide walls,
shared among neighbouring slots, enhancing polarization pu-
rity while maintaining compatibility with high-volume produc-
tion. A prototype has been manufactured using only two layers
of metalized plastic fabricated with injection molding, elec-
troplating, and soldering processes. The measurement results
showed a 13.1% impedance bandwidth, an XPD higher than 28
dB, and a total efficiency above 90%. Therefore, the proposed
prototype serves as proof-of-concept for high efficiency, large
bandwidth, and cost-efficient antenna suited for automotive
MIMO radar at 77 GHz.
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