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A B S T R A C T   

In this work, a linearly-polarized frequency-scanned slot-antenna linear array fed by a travelling wave in grating 
waveguide is designed at 17 GHz. Additionally, the insertion of periodic gratings in the bottom broad-wall of the 
feeding waveguide reduces the guided wavelength of the fundamental propagating mode. Therefore, steering 
angles around broadside can be attained in the radiation pattern, contrary to conventional travelling-wave de-
signs where grating lobes would inevitably appear. Furthermore, tuning posts are included in the radiating 
element design to mitigate the mismatch provoked by uniform phase feeding. A 16-element array is fabricated to 
validate the design, which experimentally shows a continuous angular scanning range of ±10◦around broadside 
in the band from 16 to 18 GHz, with a peak gain of 18 dBi and a maximum gain drop of 4 dB.   

1. Introduction 

Frequency scanned array antennas provide the capability of reor-
ienting the main radiation beam without electronic phase shifting cir-
cuitry [1]. Such feature is useful for radio-location applications such as 
marine or automotive radars [2,3], weather observations [4], or imag-
ing systems [5]. Waveguide technology is well suited for these appli-
cations owing to its low dissipation and high-power handling 
capabilities. High gain waveguide antennas can be easily implemented 
in the form of slotted waveguide arrays. Traditionally, linear slotted 
waveguide arrays have been fed either by standing wave or by travelling 
wave. Resonant slotted arrays provide a fixed beam in broadside di-
rection but with narrow-band response [6,7]. On the other hand, 
travelling-wave-fed slotted arrays provide not only larger operational 
bandwidths, but also frequency beam scanning due to the dependence 
between the slot spacing and the feeding phase [8,10]. However, the 
required array slot separation to achieve broadside radiation provokes 
strong grating lobe appearance. A reduction of the array slot distance to 
avoid this effect necessarily originates a high beam steering. This is 
unfeasible if the antenna must adapt to the supporting surface, as in 
airborne radars, where the antennas are installed on the nose of the 
aircraft for horizon line vision. This steering can be compensated by the 
insertion of metallic screws inside the waveguide [11]. Alternatively, a 
dielectric infill can be introduced to modify the propagation conditions 
in the waveguide, although losses will increase [12]. 

The grating waveguide (also known as corrugated waveguide) is a 
transmission line that includes, in at least one of its broadwalls, a 
corrugation created with periodic metallic gratings [13]. Similar grat-
ings have been traditionally used in horn antennas to improve the ra-
diation performance [14]. In a grating waveguide, the corrugation 
modifies the dispersion characteristics of the modes inside the guide. 
This is useful for instance to create electromagnetic stopbands as in soft 
and hard surfaces [15,16]. 

In this letter, a linearly-polarized frequency-scanning slot linear 
array antenna fed by a grating waveguide is designed and fabricated for 
Ku band operation. Travelling-wave feeding technique is implemented, 
contrary to the standing-wave topology in [16]. By properly designing 
the grating waveguide, a frequency-scanned beam around broadside 
direction will be obtained. In addition, the proposed grating provides 
further possibilities than conventional grating waveguide structures, 
since the grating is allowed to become narrower than the waveguide 
wall. The proposed antenna is a proof of concept at Ku band, though can 
be easily scaled to Ka or W bands, where linearly-polarized automotive 
radar systems typically operate [2,3,7]. 

2. Grating waveguide 

The proposed slotted waveguide antenna is implemented in a grating 
waveguide (GW) with a rectangular cross-section of 13.5 × 6.9 mm2. 
The GW is defined as a rectangular waveguide where metallic gratings 
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are periodically placed along the bottom broad-wall (Fig. 1(a)). These 
gratings effectively modify the propagation constant β of the funda-
mental propagating mode TE10 in the GW [16,17]. The objective is to 
increase β, thus reducing the guided wavelength λg of mode TE10 owing 
to the fact that λg = 2π/β. This way, broadside radiation without grating 
lobes will become feasible as long as λg < λ0, with λ0 the free-space 
wavelength. 

In order to attain this objective, the behavior of a grating is inves-
tigated within a unit-cell of the GW. The unit-cell is formed by a short 
waveguide section of length d with a single grating (Fig. 1(b)). 
Cascading several of these unit-cells define a GW section. To obtain the 
propagation constant of mode TE10 (β) in the GW, an eigenmode 
calculation and Floquet analysis is performed in a unit cell [18]. In first 
place, a parametric sweep of the grating width and height (w and h in 
Fig. 1(b)) has been performed (the grating length l and the spacing 
d between gratings remain fixed). The β values obtained at 17 GHz in 
this study are plotted in Fig. 2(a). In addition, the guided wavelength 
(λg) and the impedance of mode TE10 (ZTE10) associated to each value of 
β can be read in the same plot. As a reference, in a rectangular wave-
guide with the same cross-section as the GW but without grating, β is 
269.5 rad/m at 17 GHz, λg is 23.30 mm, and ZTE10 is 498.1 Ω. Fig. 2(a) 
shows that as the grating height h raises, β rapidly increases as well, 
reaching values over 500 rad/m for h around 3 mm (0.43 times the 
waveguide height b). Inherently, the guided wavelength λg is greatly 
reduced, attaining half the value of λg in a rectangular waveguide. Note 
that the grating width w is allowed to be w < a, which increases the 
maximum attainable β to about 550 rad/m, while for a conventional 
grating (w = a), β is limited to about 400 rad/m for the same h. 

Following, w and h have been fixed to 7 mm and 2.7 mm respectively, 
while the grating length l and spacing d between gratings have been 
swept, yielding Fig. 2(b). These parameters have much lower impact on 
β than w and h. Thinner gratings (that is, lower values of l) slightly help 
increase β, although values under 1 mm will be mechanically weak. In 
conclusion, the grating height h is the main parameter to modify the 
propagation characteristics inside the GW, while the grating width w can 
be used for finer modifications. 

Once the dispersion characteristics of the unit-cell of the GW have 
been studied, the scattering parameters of the unit-cell have been 
computed for different values of h (Fig. 3(a)). Even for h = 1 mm the 
reflection is worse than − 20 dB, owing to the mismatch between ZTE10 
in the GW and in the waveguide port. The reflection will worsen in a GW 
with several gratings, as the reflections will accumulate. To mitigate this 
issue, the spacing between gratings in the GW will be fixed to d = λg/4 at 
the design frequency. This way, the reflections will cancel out following 
the small-signal analysis found in [[19], Eq. 2]. Consequently, the 
travelling wave in the GW will experience a phase shift α = 90◦ between 
consecutive gratings at the design frequency. Since the phase shift can be 
calculated as α = βd, the unit-cell must be designed seeking the value of 
β that generates a 90◦ phase shift in a physical propagation distance of d. 
This means that α = 90◦ can be attained with unit-cells of different 
length d, by modifying the grating dimensions as to obtain the required 

β. In this work, d has been fixed to 3.5 mm due to antenna design re-
strictions that will be addressed in Section III. The phase of the trans-
mission parameter S21 is plotted in Fig. 3(b), proving that the 
introduction of the grating increases the phase shift α with respect to a 
rectangular waveguide (h = 0 mm). A grating height h between 2 and 3 
mm is required to obtain α = 90◦. The final dimensions of the unit-cell 
are h = 2.73 mm, w = 7 mm, l = 1 mm and d = 3.5 mm. For this unit- 
cell, the values at 17 GHz of β, λg and ZTE10 are 454.1 rad/m, 17 mm 
and 295.6 Ω, respectively. In Section III, this reflection-cancelling 
technique will be demonstrated with simulated results. 

3. Radiating element in grating waveguide 

After designing the GW, a transition is required to connect to a 
standard WR-51 waveguide and match their impedances. This transition 
is implemented as two λ/4 transformers defined by a GW section (Fig. 4 
(a)). The impedances of these transformers are obtained by the same 
procedure followed in Fig. 2. Following, radiation can be obtained from 
this matched GW by implementing a slot on the top broadwall, as in 
conventional travelling-wave slotted rectangular waveguides [9,10]. In 
order to obtain broadside radiation from a travelling-wave-fed slotted 
array, a spacing of λg between the slots is necessary to obtain the 
required uniform phase feeding. Since the gratings in the GW are spaced 
d = λg/4 to minimize reflections, the spacing between slots must be 4d =

λg. For this reason, the spacing d was set to 3.5 mm in Section II in order 
to satisfy the condition to avoid grating lobes (λg < λ0). In summary, 
thanks to the insertion of gratings inside the waveguide, λg has been 
notably reduced to λg = 0.85λ0 = 15mm in the GW, and therefore 
grating lobes will be avoided. Note that, for this separation between 
radiating elements, a slotted array in rectangular waveguide would have 
a 39-degree main beam steering instead of broadside radiation as the 
proposed GW design. 

Moreover, a slot acts as a discontinuity in the waveguide, provoking 
an undesired reflected wave in a similar way than the gratings of a GW. 
Large reflection will occur in a uniformly-fed array, as all the individual 
slot reflections will be added in phase at the input port [[20], Eq. 2]. 
Therefore, the only solution is to minimize the reflection produced by 
each single slot as much as possible. For this reason, the radiating 
element is designed as a 45-degree-inclined slot with a reflection- 
cancelling post, as proposed in [21]. However, in order to maintain 
the specified vertical polarization, such structure is mirrored, becoming 
a cross-slot with two reflection-cancelling posts as shown in the top view 
of Fig. 4(b). The fields radiated by each of the two slots in the cross have 
orthogonal polarizations and identical phase. In this manner, the total 
field radiated by the cross-slot is linearly polarized along y-axis. Besides, 
the cross-slot is narrower in the x-axis than a transverse slot, and thus its 
excitation will be less affected by the presence of the matching post. 

The performance of this radiating element is assessed by simulation 
of the structure in Fig. 4(a). A GW with 9 gratings is terminated in both 
ends with WR-51 waveguides and the corresponding impedance 

Fig. 1. a) Perspective view of a grating waveguide. b) Detail of a unit-cell of the grating waveguide.  
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transformers. The top broadwall of the GW is defined by the ground 
plane of a single-sided dielectric substrate (Taconic RF-35, εr= 3.5) with 
0.5-mm thickness. The cross-slot is etched in that ground plane, and the 
dielectric cover helps reduce the effective wavelength and thus the slot 
length [22]. The use of a dielectric substrate for the slot implementation 
enables rapid prototyping of different slot lengths within the university 
facilities, though for high power applications dielectric-free alternatives 
should be explored. 

The proposed radiating element will be used in a travelling-wave 
array with uniform amplitude and phase distribution. In order to pro-
duce this illumination, each element will couple a certain amount of 
power from the travelling wave. Such amount is described with the 
coupling coefficient (Ccoup) [[20], Eq. 3], which is highly determined by 
the slot length [23]. Therefore, different lengths ls of the cross-slot have 
been evaluated (Fig. 4(c)). At 17 GHz, the maximum Ccoup is − 4.5 dB, 
obtained with a cross-slot resonant length of 6.1 mm (0.35λ0). This 
length is far from the conventional slot resonant value of 0.5λ0 due to the 
dielectric cover of the slot. Besides, each Ccoup is achieved with an 
optimal performance in terms of S11, which is attained by tuning both 
the position (yp) and dimensions (lp, wp, hp) of the reflection-cancelling 
posts. Minimum S11 is imposed around the center frequency, where 
the reflections of all the slots in the array will be added in phase. The S11 
parameter for the different slot lengths is plotted in Fig. 4(d). As a 
baseline, the S11 curve of a GW with impedance transformers but 
without slot or matching posts is also represented. At 17 GHz, reflection 
under − 40 dB is obtained except for the resonant slot (ls = 6.1 mm). 

Matching deteriorates as Ccoup increases, as the slot becomes a more 
abrupt discontinuity in the GW. In any case, the matching performance 
is better than − 13 dB in the whole band. 

Furthermore, the electric field has been simulated at 17 GHz in the 
structure in Fig. 4(a), for the optimal slot design when ls = 6.4 mm. The 
amplitude of the z-polarized component is shown in Fig. 4(e), from a 
top-view perspective, on the xy cut-plane of the GW top broadwall. The 
distance between amplitude maxima gives the guided wavelength in 
each waveguide section. It is evident that the GW greatly reduces the 
guided wavelength, as the maxima are closer than in the WR-51 sections. 
Furthermore, the coupling from the slot is observable as well, since the 
maxima show lower amplitude after the cross-slot (propagation is to-
wards + y). Besides, Fig. 4(f) shows the total electric field in a yz cut- 
plane longitudinal to the propagation direction, and in the middle of 
the GW width. In this plot, the z-polarized pure TE10 mode can be clearly 
seen in the WR-51 rectangular waveguide sections. However, this mode 
is altered in the GW, where a y-polarized field component appears due to 
the presence of the periodic gratings. In addition, Fig. 4(g) shows the 
total field in a xz cut-plane, transverse to the propagation direction and 
placed just in the middle of the cross-slot. The field configuration is 
eminently z-polarized as in the TE10 mode present in the WR-51 sections. 
However, a x-polarized field component is present as well in the lower 
half of the side walls. In fact, the field configuration resembles that of a 
TEM-like mode in a ridge waveguide. The difference is the presence of a 
y-polarized field component as seen in Fig. 4(f): while in a ridge wave-
guide the ridge is continuous along the propagation direction, the 

Fig. 2. Evaluation of β, λg and ZTE10 in the GW at 17 GHz for different values of a) w and h (for l = 1 mm and d = 3.5 mm), b) l and d (for w = 7 mm and h = 2.73 mm).  

Fig. 3. S-parameter simulations of a unit-cell of the grating waveguide for different grating heights (h), and w = 7 mm, l = 1 mm and d = 3.5 mm. a) Matching 
coefficient. b) Phase of the transmission parameter. 
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gratings in the GW are periodic, causing the appearance of the 
propagation-polarized field component. However, in the transverse 
plane (xz), the gratings act just as the ridge in the ridge waveguide: they 
effectively increase the waveguide width. The field amplitude variation 

goes along a longer path due to the presence of the grating, thus 
decreasing the cutoff frequency and consequently, reducing the guided 
wavelegnth, as demonstrated already in Fig. 2. 

Fig. 4. Single radiating element in GW consisting in a cross-slot with two reflection-cancelling posts: a) bird view, b) top view, c) Ccoup for different slot lengths, d) 
S11 for different slot lengths, e) amplitude (17 GHz) of the z-component of the electric field in a xy cut-plane at the top broadwall of the waveguide, when exciting 
port 1 for ls = 6.4mm, f) electric field at 17 GHz (side view) in a yz cut-plane centered in the middle of the waveguide, when exciting port 1. g) Same field in a xz cut- 
plane centered in the cross-slot. 

Fig. 5. 16-element cross-slot array antenna in GW: a) full-wave simulated structure, b) 3D-printed and silver-plated feeding GW, c) PCB-milled slot array.  
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4. Prototyping and experimental validation 

Once the radiating element is characterized, the antenna array can be 
assembled. A 16-element array antenna with travelling-wave feed in GW 
is proposed (Fig. 5(a)), using the radiating element of Section III. In the 
detail of Fig. 5(a), the impedance transformers placed after the WR-51 
input waveguide are indicated. The transformers at the output port 2 
have been removed to miniaturize the antenna. The matching perfor-
mance is not affected by this modification, since the travelling wave 
carries very low power after traversing the whole array and thus the 
reflection will be weak. 

The array is designed as in conventional travelling-wave slotted ar-
rays. The required Ccoup for each element is derived with the formulation 
in [20], in order to achieve a uniform feeding distribution and a 17% 
non-radiated power lost in the output port 2 (− 7.7 dB). For the proposed 
array, Ccoup between − 12.5 dB and − 4.5 dB are needed, corresponding 
to slot lengths between 5.6 mm (0.32λ0) and 6.1 mm (0.35λ0). 

The 16-element array antenna has been fabricated for experimental 
validation of the design. The feed line in GW technology has been 
manufactured by stereolithography combined with spray-based silver 
metallization (Fig. 5(b)). This structure is specially well suited for 3D 
printing, due to the presence of the gratings and reflection-cancelling 
posts. The cross-slot array is etched on the copper plane of a single- 
sided 0.5-mm-thick Taconic RF-35 substrate by PCB milling (Fig. 5 
(c)). In the final antenna assembly, the substrate is attached to the GW 
line by means of screws. 

In first place, the scattering parameters have been measured (Fig. 6). 
The input matching coefficient S11 presents a worst-case value around −
10 dB at 17.05 GHz. Slight discrepancies with simulations are caused by 
manufacturing tolerances. The transmission parameter S21 informs that 
the fabricated prototype is wasting less power than anticipated (− 8.5 
dB, or 14.1%, versus the simulated value of − 7.7 dB, or 17%). The main 
cause are dissipation losses being higher than expected, as the dielectric 
substrate is characterized only up to 10 GHz. Slight leakage in the 
flanges and the seam between the array and the GW might contribute as 
well to power loss. 

Following, the radiation patterns have been measured in the beam- 
scanning plane (yz-plane in Fig. 5). The results are shown in Fig. 7(a) 
normalized to the maximum achieved gain in the frequency band. 
Grating lobe appearance is noticeable for frequencies over 17.8 GHz due 
to larger phase shifts and electrical spacing between radiating elements, 
although staying in a relative level under − 9 dB. As the detail of Fig. 7 
(b) demonstrates, a beam scanning of 20◦is accomplished (from θ = −

10◦ to θ=+10◦), which translates into a scan of 1 degree per 100 MHz. 
Relative cross-polarization levels, depicted in grayscale colors in Fig. 7 
(a), are under − 25 dB, thanks to the high physical symmetry of the 
structure. Furthermore, a maximum gain drop of 4 dB is observed, which 
occurs for the highest frequencies due to the incipient grating lobe. 

This is supported by the directivity and gain curves of Fig. 8. In order 
to interpret the results, it should be reminded that the maximum 
achievable directivity D0,max of an antenna with a physical aperture area 
Aphys can be estimated as 

D0,max = 4π Aphys

λ2
0  

Where λ0 is the free-space wavelength. However, in practice the an-
tennas are uncapable of attaining this value, due to an imperfect use of 
their physical aperture. Thus, in general, the estimated directivity of an 
antenna will be 

D0 = 4π Ae

λ2
0  

Where Ae is the effective aperture area of the antenna, which will be 
Ae ≤ Aphys. This way, it is possible to define the aperture efficiency ηaper 

as 

ηaper =
Ae

Aphys
=

D0

D0,max  

The ideal case where ηaper = 100% would be for an antenna capable of 
generating a uniform field on its aperture, both in terms of amplitude 
and phase. Nevertheless, realistic cases are those where the field at the 
aperture shows some amplitude and phase variation, thus reducing the 
aperture efficiency. In fact, it is possible to express such efficiency as the 
product ηaper = ηampηph where ηamp and ηph measure how uniform the 
amplitude and the phase of the electric field are at the aperture, 
respectively. 

In order to evaluate ηaper in this work, the value D0 is obtained by full- 
wave simulations. As for D0,max, the physical aperture area Aphys is 
calculated as a rectangle sized 12 × 220 mm2, which encloses the ma-
jority of the simulated radiated field by the array. Fig. 8 shows the 
aperture efficiency and the simulated directivity. The directivity shows 
an ascending behavior, which is expected as the electrical size Ae/λ2

0 of 
the aperture increases. This is true up to 17.7 GHz, where grating lobes 
start to appear in the patterns of Fig. 7, thus degrading the directivity 
and dropping the aperture efficiency to 30% at 18 GHz. The peak 
aperture efficiency is 95% at 17 GHz. This is where the array feeding 
distribution has been designed to be uniform in amplitude and phase, 
thus maximizing the product ηaper = ηampηph. Outside this frequency, the 
amplitude uniformity is degraded since the coupling coefficients of the 
slots differ from the design value at 17 GHz. Furthermore, the phase 
uniformity worsens as well, since a progressive phase shift is produced 
between radiating elements, due to the travelling-wave feeding 
topology. 

Following, the radiation efficiency has been computed as 

ηrad =
G0,sim

D0,sim(1 − |S11|
2
− |S21|

2
)

Where G0,sim is the simulated realized gain (which includes losses due to 
mismatch, wasted power at output port 2, and dissipation), and D0,sim is 
the simulated directivity. The factor (1 − |S11|

2
− |S21|

2
) eliminates the 

effects of mismatch and wasted power losses, which are present on the 
calculation of G0,sim. Therefore, ηrad provides a measure of the antenna 
efficiency just in terms of dissipation losses. Simulations suggest that the 
radiation efficiency should stay over 90%. Since the waveguide is silver 
coated, dissipation losses mainly come from the dielectric substrate 
hosting the slots. 

Finally, the total efficiency ηtotal has been estimated as 

ηtotal =
G0,sim

D0,sim 

Contrary to the radiation efficiency, the total efficiency includes, 
aside from dissipation losses, the gain reduction due to impedance 
mismatch as well as power waste at output port. These losses cause the 
difference between the radiation efficiency and total efficiency curves in 
Fig. 8. The total efficiency varies through the frequency band according 
to the power waste at output port 2. At 17 GHz, the total efficiency is 
around 80%. Around 5% of efficiency drop is caused by dissipation loss 
(since the radiation efficiency is 95%), while the remaining 15% is 

Fig. 6. Scattering parameters of the 16-element array antenna.  
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caused by mismatch and power waste. The efficiency increases at the 
upper frequency band since the power waste at output port 2 greatly 
diminishes. 

The simulated realized gain shows the same behavior as the direc-
tivity, with a deeper decrease in the lowest frequencies as a result of 
higher power waste at output port 2 (see Fig. 6). However, the measured 
realized gain is around 1 dB lower than the simulated curve at 17 GHz. 
Slight additional losses may arise from the uncertainty in the dielectric 
substrate characterization, since the dissipation tangent at 17 GHz was 
extrapolated from the manufacturer data at 10 GHz. However, the main 
cause of the measured gain drop is actually a directivity decrease due to 
the split-block realization of the antenna prototype. The 3D-printed GW 
is slightly warped due to temperature and mechanical stress produced 
during the manufacturing. The warping provokes an imperfect electrical 
contact between the GW and the radiating array, and therefore power 
leakage is produced through that gap. This could be mitigated by using 
stopband metasurfaces [24], or by 3D-printing a single block antenna 
with the slots embedded in the GW body. In any case, the leaked signal is 
finally radiated, thus altering the radiation pattern. This is not noticed in 

the E-plane scanning patterns of Fig. 7, but in the H-plane, which is 
aligned with the gap that produces the radiation of the leaked power. 
Fig. 9 shows the simulated and measured H-plane radiation patterns at 
17 GHz. In addition, a simulation including a gap with 40-µm thickness 
between the GW and the array has been carried out, proving that the H- 
plane beamwidth increases due to the gap. The 3-dB beamwidth in H- 
plane has increased from 54 to 83◦owing to power leakage. This has a 
direct effect on the directivity, which can be estimated by the following 
formula [[25], Eq. 2–27]: 

D0 ≈
41253

Δθ− 3dB,EΔθ− 3dB,H  

Where Δθ− 3dB,E and Δθ− 3dB,H are the 3-dB beamwidths (in degrees) at E 
and H planes, respectively. Knowing that Δθ− 3dB,E = 4◦ both in simula-
tion and measurement, the simulated and measured directivities can be 
estimated with the beamwidths. A 1.4 dB directivity drop is produced by 
increasing Δθ− 3dB,H from 54 to 83◦. For this reason, the measured 
directivity of the prototype, which unfortunately is not available, must 
have decreased due to power leakage, which explains the gain drop 
observed in the measurements. At higher frequencies, the measured gain 
converges with the simulation, since the grating lobe becomes the main 
cause of directivity degradation, masking the effect of power leakage on 
the radiation pattern. 

Finally, Table 1 includes a comparison of different performance pa-
rameters with similar published works, in order to put results into 
context. Reference [21] proposes a K-Ka band planar array in post-wall 
or substrate integrated waveguide (SIW). Although travelling-wave 
feeding is used, there is no beam steering capability owing to the an-
tenna topology. Besides, very large dissipation losses have been reported 
in the dielectric substrate, and hence low efficiency is obtained. Refer-
ence [11], published by some of the authors, consists in a travelling- 
wave slotted waveguide with three tuning screws in each radiating 
element. These allow to modify the phase excitation as well as to 
improve the impedance matching. This way, broadside radiation with 
no grating lobes becomes feasible, and very high efficiency is affordable, 
although the impedance bandwidth becomes somewhat limited. Refer-
ence [9] is a slotted waveguide design as well, and therefore the effi-
ciency is high, although the scan angle is limited to 10◦. In reference 
[26], a SIW leaky-wave solution is proposed, yielding a wide scan angle 
of 70◦ with low scan loss. However, the efficiency is limited to 60% due 
to the dielectric dissipation, and the aperture efficiency is around 40%. 
In order to improve the 10-dBi measured gain, a larger number of array 
elements should be used. However, this would increase propagation 
losses, and therefore the total efficiency reaches a limit with this kind of 
design. In reference [16], a GW array is presented, achieving high effi-
ciency in a compact size. Nevertheless, standing-wave excitation is used, 
and thus no beam scanning is possible. Finally, the present work pro-
poses a GW with travelling-wave feeding, which allows a 20◦ scan angle 

Fig. 7. a) Measured radiation patterns of the 16-element array antenna. Cross-polarization measurements are plotted in grayscale colors. b) Detail of the plot in a).  

Fig. 8. Directivity, gain and simulated efficiency curves of the 16-element 
array antenna. 

Fig. 9. H-plane radiation pattern at 17 GHz. The beamwidth is greatly 
increased due to leakage in the gap between the GW and the array. 
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across a 2-GHz bandwidth. Although the aperture efficiency is high, the 
total efficiency is low for a waveguide design, although the correction of 
the assembly issues should mitigate this problem. Besides, a larger 
number of array elements should allow a lower power waste at the 
output port, thus boosting efficiency. Finally, the use of a metallic 
feeding GW enables further capabilities than PCB-based designs: the 
design could be easily used in higher frequencies, in high power systems 
like radars or satellite communications, or in higher-directivity arrays 
with more elements. 

5. Conclusions 

A 16-element frequency-scanned travelling-wave slot array antenna 
has been designed and fabricated in Ku-band (16–18 GHz). The pro-
posed antenna serves as a proof of concept of the use of grating wave-
guide technology in frequency-scanned arrays, which could be easily 
scaled for millimeter-wave satellite communications or automotive 
radar applications. The implementation of grating waveguide technol-
ogy in the feeding line allows to achieve broadside radiation without 
grating lobe appearance by increasing the propagation constant in the 
guide. Compared with conventional grating waveguide designs, the 
corrugations presented in this work are narrower than the waveguide 
width, and therefore larger values for the propagation constant are 
attainable. Besides, in order to mitigate high reflection caused by in- 
phase feeding of the radiating elements, reflection-cancelling posts are 
placed near the slots. Experimental results yield a reflection coefficient 
better than − 10 dB in the whole band, with a 14.1% non-radiated power 
at the design frequency. A 20-degree beam scanning range is accom-
plished, with a grating lobe level of − 9 dB in the worst case. Noticeable 
gain drop is experimentally observed, which could be addressed with a 
single-block prototype fabrication. 
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