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60-GHz Single-Layer Slot-Array Antenna fed by
Groove Gap Waveguide

Miguel Ferrando-Rocher, Alejandro Valero-Nogueira, Jose 1. Herranz-Herruzo, Jorge Teniente

Abstract—A V-band single-layer low-loss slot-array antenna is
presented in this paper. Radiating slots are backed by coaxial
cavities which are fed through a Groove Gap Waveguide (GGW)
E-plane corporate feed network. Cavity resonances are created by
shortening nails with respect to the surrounding ones. This fact
enables a compact single-layer architecture since coaxial cavities
and feeding network can share the same bed of nails. A 16x16
array is designed, constructed and measured to demonstrate
the viability of this concept for high-gain single-layer slot-array
antennas. In addition, this solution can be extended to circular
polarization by seamlessly adding a polarizer above the slots
without changing the feeding network piece. Measurements show
a relative bandwidth of 10% with input reflection coefficient
better than —10 dB and a mean antenna efficiency above 70%
within the operating frequency band (57-66 GHz).

I. INTRODUCTION

60-GHz band is lately receiving increasing attention in wire-
less world, with both short-range and wider area applications.
The development of this band has led to many applications
such as high-definition video streaming, high-speed Internet,
high-definition multimedia interface or automotive radars [1].
Because of the high propagation losses, one of the key
elements for such applications is the antenna, which should
be able to provide high directivity and radiation efficiency.
Directive antennas for radio links are generally realized by
using lens and reflector antennas [2]. However, thin planar
array antennas are more attractive for these new applications,
due to their lower volume and weight [3].

In this context it is understood the appearance of new
full-metal and low-profile solutions. In this regard, hollow
waveguide distribution networks are able to feed large arrays
with very low losses. Nevertheless, to achieve good electrical
contact between the metallic building blocks is a challenging
task. To overcome this problem, some planar arrays have been
manufactured by using a diffusion bonding technique which
is capable of assuring a perfect metallic contact [4]. This
fabrication technique, however, is known to be expensive com-
pared to conventional methods [5]. Conversely, a cost-effective
alternative technology is the Gap Waveguide (GW) [6]. This
waveguiding technology avoids the problem of assuring a
good electrical contact thanks to its contactless nature. Notable
examples of multilayer GW arrays in this frequency band are
presented in [7]-[10]. There exist scarce contributions of GW
arrays following a single-layer scheme [11]-[12], but none of
them working at V band.

In this paper, we present a low profile single-layer cavity-
backed slot array antenna with high gain (greater than 32 dBi),

Fig. 1: Manufactured 60-GHz Single-Layer Slot-Array An-
tenna.

high efficiency (around 70%), and wide impedance bandwidth
(10%) for the 60-GHz band (see Fig. 1).

II. BAsic CELL

The feeding scheme of the basic cell is presented in top and
side view in Fig. 2 and Fig. 3, respectively. A similar topology
was used in [13] to feed a 4 x4 array in Ka band, though there
are some relevant differences as it will be discussed next.

Essentially, the proposed basic cell consists of 2x2 slots fed
by a GGW divider hosted in a bed of nails, where the height
of four of them, drawn in purple, is reduced. The height of
the rest of the nails is 1.22 mm (\/4 at 61.5 GHz). At the
resonance frequency, each GGW branch properly excites the
coaxial cavity mode. This fact can be seen in Fig. 2, where the
loops of the magnetic field are created around the shortened
nails. Interestingly, distance between cavities can be less than
Ao in this single-layer scheme. In fact, the distance is 0.9\
x0.78\¢ in the x and y direction, respectively.

Unlike the basic cell presented in [13], where each cavity
had a coaxial nail with different height, here all the coaxial
nails have the same height. So, to excite the four slots with
an equal amplitude, an off-centered septum is placed in the 1
to 2 power divider of the basic cell distribution network.

Placing the septum just at the center of the divider (off-
centre=0 in Fig. 2), the E-field magnitude on the slots is dif-
ferent, as observed in Fig. 4a. However, if the septum is shifted
to the right side, the E-field amplitudes are compensated and
finally equalized (Fig. 4b). The role of this septum is crucial to
distribute the power evenly and to achieve a wide impedance
bandwidth (Fig. 5), greater than 14% (57 to 66 GHz) for a S1;



Fig. 2: Basic cell of a 2x2 subarray fed by GGW. The most
representative elements are shown: feeding network (green),
shortened-nails (purple), apertures (red) and magnetic field
(arrows).
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Fig. 3: Side view of the basic cell.

TABLE I: Values of antenna parameters.

[ Parameter | Value (mm) || Parameter | Value (mm) |

Fop 122 a 2.96
hecoaz 0.51 b 0.8
Wy 0.46 Ly 9.9

wy 0.59 L, 78
Lot 2.9 Wiiot 1.3
Lseptu'm 0.4 Wseptum 0.48
of feentre 0.85 tsiot 0.3

lower than —15 dB. Notice that such an off-centre septum
introduces a small phase shift of few degrees between both
branches, though not relevant enough to have an impact on
radiation patterns as it will be demonstrated later.

Lastly, after fixing the position of the septum and having
previously designed the optimal height of the coaxial nails, a
uniform field distribution can be obtained on the four apertures
of the subarray.

III. 16x16 SINGLE-LAYER ARRAY ANTENNA IN V-BAND

The full array consists on 64 basic cells as the one previ-
ously described. The basic cells are fed by a 1 to 64 GGW
corporate network. Splitters use step discontinuities to achieve
the proper matching, like that used in the basic cell.

Fig. 6 shows a top view of the full structure, where the 1
to 64 corporate-feed distribution network is drawn in green.
This compact distribution network allows to place the slots
at a distance less than )\g in both planes (X and Y). The
nails of the bed are highlighted in orange, having all of
them the same height and width. The spacing is larger in the
vertical dimension (1.95 mm) than the horizontal dimension
(1.55 mm), because of the geometry itself of the basic cell. As
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Fig. 4: Amplitude of the electric field in the apertures using a
centered septum and (b) an off-centered septum.
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Fig. 5: Simulated reflection coefficient of the basic cell.

for the slots, the ratio Wi/ Ls;0r Was optimized to get the best
possible impedance bandwidth. The shortened-nails (purple)
are responsible for creating the coaxial cavities. Finally, the
apertures (blue) are placed on top. Therefore the antenna is
hosting both the distribution network and the cavities exciting
the slots in a single layer. All the relevant parameters of the
array are included in Table I.

A. Input Port

The antenna is fed from the backside. Feeding from one
side would reduce the complexity of the design but it would
have an impact on the radiation pattern. The design of the
required transition is not straightforward due to the reduced
dimensions of the very input GGW branch.

The optimized transition is shown in Fig. 7. The di-
mensions of the input WR—15 standard waveguide are
3.7592x1.8796 mm?2, whereas the inner dimensions of the
GGW are 2.9561x0.8 mm?. Note that the GGW presents one
very narrow dimension due to its closeness to the final stages
of the corporate feeding network. Such large difference in
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Fig. 6: Top view of the 16 x 16 V-band linearly-polarized array
antenna. The elements that make up the antenna are colored
as follows: red (input port), green (corporate-feed network),
orange (bed of nails), purple (coaxial nails), blue (apertures).
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Fig. 7: (a) (Left) RW-GGW transition without the top plate,
where the septum is observed. (Right) Back view of the
transition; (b) Magnitude of the electric field within the GGW
transition.

dimensions forces us to use a tapered transition between both
waveguides, as illustrated in Fig. 7. The transition has been
optimized separately from the rest of the antenna to speed up
the design process. The optimization process has been mainly
focused on tuning the depth (1.33 mm) and width (1.16 mm)
of the central septum, which have a substantial effect on the
return loss.

The main drawback of this solution, however, is that the
width must be as thin as possible (100 pm) for a proper
performance. Hence, this septum would be barely tens of
microns wide at higher frequencies, which would complicate
fabrication process. In any case, this transition is still a valid
and viable solution at 60 GHz, as experimental results will
show.

Fig. 8: 3D sketch of the basic cell with the polarizer.

Fig. 9: Manufactured 16x 16 array antenna with polarizer.

TABLE II: Measured antenna parameters of LP array.

Frequency (GHz) 57 59.25 615 63.75 66
Directivity (dBi) 3122 32.64 33.16 3326 33.35
Gain (dBi) 3029 31.27 32.09 31.77 31.31
Antenna Efficiency (%) 80.72 7295 78.16 70.96 62.52

TABLE III: Measured antenna parameters of CP array.

Frequency (GHz) 57 59.25 615  63.75 66
Directivity (dBi1) 327 3310 3339 3347 33.59
Gain (dBi) 31.55 3227 3224 3233 3149
Antenna Efficiency (%) 76.74  82.6 76774 7691 61.66
Aperture Efficiency (%) 94.77  96.17 9543 90.46 86.76
Axial Ratio (dB) 3.20 2.14 1.88 3.22 3.34

B. Polarizer

As it is well known, circular polarization (CP) may be
very advantageous for certain applications. For that reason, a
polarizing layer was designed to seamlessly convert the linear
into circular polarization, keeping the same array as a feeder.
In [14] a metal cavity mounted on a slot was proposed to
achieve a CP antenna. Setting the height and the cross-section
of the cavity, two orthogonal modes with equal amplitude but
a phase-shift of 90° can be obtained. Here the same concept
is used to transform linear polarization (LP) into CP.

Feeding layer piece is kept the same as in the LP antenna.
Therefore, above the bed of nails, new radiators are located.
The height of the metal cavity is key in order to get a good
polarization purity. The cross-section could be designed in
different ways, always under the premise of getting a phase
shift of 90° between two orthogonal modes and equal ampli-
tude. Here, a chamfered square shape is used. In Fig. 8 two
views of the basic cell are shown. In the new piece, the slots
are integrated directly with the polarizer. The manufactured
polarizer is shown in Fig. 9.
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Fig. 10: Normalized measured radiation patterns for sev-
eral frequencies for LP antenna: (a) Copolar XZ-plane, (b)
Crosspolar XZ-plane, (c) Copolar YZ-plane, (d) Crosspolar
YZ-plane. Normalized measured radiation patterns for sev-
eral frequencies for CP antenna: (e) Copolar XZ-plane, (f)
Crosspolar XZ-plane, (g) Copolar YZ-plane, (h) Cross-polar
YZ-plane.
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IV. EXPERIMENTAL RESULTS

Both antennas (LP and CP) were manufactured in-house
using a CNC milling machine. It is relevant to note that both
were designed taking into account the inner rounded corners
with a radius of 200 um due to restrictions on the dimensions
of the milling tools. The measured radiation patterns along
both main cuts are shown in Fig 10. The large bandwidth of the
distribution network enables a great pattern stability within the
entire bandwidth, from 57 GHz to 66 GHz. However, a slight
asymmetry in the radiation patterns is observed due to some
uncertainty in the alignment of the antenna in the anechoic
chamber. Tables II and IIT show the measured directivity, gain
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Fig. 11: Measured reflection coefficients.

TABLE 1V: Performance comparison between proposed and
reported 16x 16 60-GHz planar antenna arrays in GW.

GW Arrays BW  Max. Gain Mean Eff. Pol. Pieces
Present Work  14% 32.3 dBi 75% LP/CP 2
Ref. [8] 16% 32.5 dBi 70% LP 3
Ref. [9] 17% 30.5 dBi 55% LP 4
Ref. [10] 18% 32.5 dBi 80% LP 3

and antenna efficiency of both prototypes. In addition, Table III
includes the axial ratio of the CP antenna. A directivity
higher than 32 dBi has been obtained with an average antenna
efficiency greater than 70%. In addition, the axial ratio shows
an acceptable polarization purity, although at some frequency
points a value higher than 3 dB is measured. This is very
likely due to the sensitivity of the axial ratio to manufacturing
inaccuracies and it is open for further improvement.
Regarding the S;;, a comparison between simulation and
measurement is presented in Fig. 11. A good agreement is
observed between both curves for the lower part of the band.
A greater deviation is noticed for the upper part, though.
However, the S;; remains close to the —10 dB target over
the entire band. Also, after manufacture and measurement,
a metrology study was made. Some discrepancies between
designed and manufactured model were observed. A deviation
of 120 pm on the depth of the groove was found. Groove
depth governs the waveguide propagation coefficient and it is
probably one of the main reasons for the reflection coefficient
discrepancy. Finally, in Table IV present work is compared
with other recent contributions on GW arrays in V-band.

V. CONCLUSIONS

A 60-GHz Single-Layer Slot-Array Antenna fed by GGW
is presented. Measurements verify the potential of the GW
coaxial cavities to feed single-layer high-gain slot arrays in this
band. One distinctive feature of this antenna is the possibility
to alternate the lids for linear or circular polarization, using
the same bed of nails.
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