N

N

Slotted waveguide antenna with a near-field focused
beam in one plane
Sébastien Clauzier, Stéphane Avrillon, Laurent Le Coq, Mohamed Himdi,
Franck Colombel, Erwan Rochefort

» To cite this version:

Sébastien Clauzier, Stéphane Avrillon, Laurent Le Coq, Mohamed Himdi, Franck Colombel, et al..
Slotted waveguide antenna with a near-field focused beam in one plane. TET Microwaves Antennas
and Propagation, 2015, 9 (7), pp.634-639. 10.1049/iet-map.2014.0479 . hal-01114680

HAL Id: hal-01114680
https://hal.science/hal-01114680
Submitted on 9 Feb 2015

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01114680
https://hal.archives-ouvertes.fr

Slotted waveguide antenna with a near-field focused
beam in one plane

Sébastien Clauziel, Stéphane Avrillor?, Laurent Le Cog®, Mohamed Himdi?,
Franck Colombef, and Erwan Rochefort

Email : sebclauzier@gmail.com stephane.avrillon@univ-rennes].ftaurent.le-cog@univ-rennes],.fr
mohamed.himdi@univ-rennes] franck.colombel@univ-rennesi,.Brochefort@cmn-cherbourg.com

'CMN (Constructions Mécaniques de Normandie), 5&, da la Bretonniére BP539, 50105 Cherbourg,
France

2IETR (Institut d’Electronique et de Télécommunioas de Rennes) UMR-CNRS 6164, Campus de
Beaulieu, 263 avenue du Général Leclerc, 35042 &grifrance

Abstract--- A slotted waveguide providing a two dimensionadmfield focused beam is presented in this
paper. This antenna focuses the beam in the E-plaghg@rovides a wide beam in the H-plane in order t
illuminate a linear array, as reflect- or transmanitay antenna with a small width (100mm) and a very
large length (1530mm) located in the near-fieldorgThe simulated field distribution on the ariiay

found to be in very good agreement with the measens of a prototype at 9.41GHz.

Index Terms--- slotted waveguide antenna, near-field focusingniegie

1. INTRODUCTION

The near-field focusing technique is used in sé\agpglications such as imagery sensing, charaeti@iz

of materials or in biomedical devices. To focusearh at a distanc@f, called the focal distance, from
the antenna, the phase has to be adjusted alomgdia¢ing aperture to obtain a locally plane wieet
(Gaussian beam property) in the desired spatiatime. Today, many antennas allow focusing a beam i
the near-field region: planar array [1], horn wéthdielectric lens [2, 3] or rectangular slotted egwide
[4]. But all these antennas focus a beam in 3 di#oas (spot). In some cases, an antenna whichdecus

along one plane and provides a broad beam in thegonal plane (2 dimensional focused beam), can be



interesting, such as in optics for testing a longterial with a small width and a long length or in

microwave application for feeding a linear reflemttransmit-array antenna.

In [5,6,7], the authors design two dimensional fieg antennas using leaky-wave principle consigesin
tapered microstrip line [5], a rectilinear slottedveguide [6] or SIW (Substrate Integrated Wavegjuid
technology [7]. However, this three geometries paely or completely a printed circuit technolody.

our case, the focused antenna will be used asdaffeea transmit-array antenna in navigation radar
technology. In such applications, the antenna bactept high power with a good radiation efficignc
so we will favour a complete waveguide technoldgy8], a horn antenna with a biconvex dielecteng
inserted in its aperture has been investigateddaige a two dimensional focused beam. But thetemidi

of the lens in the aperture of the H-plane sectbhoah reduces the beam width in the E-plane and the

maximum ratio length/width of the beam at the fquaiht was equal to 8.

This paper presents a slotted waveguide antenrieaded to the illumination of an array with a leimgf
1530mm and a width of 200mm (ratio length/widthaquo 15.3), located in the near-field regionhsf t
feed. This structure focuses the field along oramelin order to illuminate the width of the arrapda
provides a wide beam along the orthogonal plankutoinate the length of the array. Therefore, spet
size specifications are determined by the dimessodrihe illuminated array. As the whole systenmaar

+ feed) has been developed for a navigation raddredded inside a compact integrated mast, the
architectural restrictions enforce the focused beharacteristics. For example, applying the tratismi
array technology to design the illuminated antetimastandard beamwidth aperture of a navigatidarra
leads to a 96 elements linear array in the hor@giane, which corresponds to a length of 1530nm@. T
restriction in the dimensions of the mast inducezaaimum vertical size of the transmit-array anteoh
100mm, with a maximum distance of 500mm betweenféeel and the transmit-array antenna. To
minimize the spill-over losses, the normalizeddiétvel at the edge of the array has to be closed t
-10dB. So the focused antenna has to be desigrreddb these spot sizes restrictions, which arersdn

up in table 1.



Table 1 : CHARACTERISTICS OF THE FOCUSED BEAM

Characteristics Value
Beamwidth at -10dB in the horizontal plane 1530mm
Beamwidth at -10dB in the vertical plane 100mm
Maximum distance of the focal point 500mm

In this paper, we present a focused antenna wieiabhes these specifications with low losses anll hig
power handling. This paper is organized as followshe first part, we carry out the theory of thear-
field focusing technique with a slotted waveguitle.the second part, we present the results of the
simulation with CST Microwave Studio. Finally, tleestheoretical results are compared with

measurement.

2. DESIGNPROCESSOF THE NEAR-FIELD FOCUSING SLOTTED WAVEGUIDE
ANTENNA

2.1 Presentation of the near-field focusing technige

Let's consider a rectangular antenna aperture fllngthL as shown in figure 1, with a field distribution

E .r(x. Z)over this aperture as expressed in equation (1):
Eyp(x.2) = Ey(x, 2). e /PE202 (1)

With,

Eo(x.2) and ¥ z)respectively the magnitude and phase of the figdridution, and (x.2) the

coordinates of the aperture.

As seen in [8] and considering the reference ptre=0, the phase distribution along the apertesziad

to focus the beam at a distarfoe must be equal to:

or= 0@ =kd; (1- o) =k (g - [Feaz) @



A is the free space constant.
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Figure 1. lllustration of near-field focusing theory

Such a phase variation along the aperture can taneld in different ways: a first solution consists
modifying the field distribution of horn antenna imgerting a dielectric lens inside its aperturelagwn
in [8]; a second solution uses the modificatiortref complex propagation wave number to obtain the
require phase variation; another solution is basethe synthesis of such a variation thanks torelisc
radiating sources. This second solution is propdaseide paper: a slotted waveguide antenna is dedig

optimizing the slots and their positions on the gguide to obtain the desired field distribution.

It is important to notice that the previous formidea (Equation (2)) uses the ray-tracing theoryc@irse
in the reactive near-field region, the electriddibehaviour is more complex and its computatioadse
much more efforts. But even if the theory preseimétis paper is limited, it has the advantagbewery

easy to implement and gives a good approximatidhefvaveguide design.

2.1 Design of the antenna

2.2.1 Jot geometry



The shape of the slots has been chosen usinglj@]l-$lot design (Figure 2(a)) provides a good tiagp
with the waveguide and radiates a relative low s#ud@arization level compared to rotated lineatsslo

This slot geometry has been optimized on CST MienenStudio at 9.41GHz.
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Figure 2: Design of the slot (a) and field distribution inside the slot (b)

2.2.2 Arrangement of the dots on the waveguide
To focus the electrical field radiated by the sldttivaveguide, the phase of the field radiated o skt

must be the same at the focal point, called F ¢Eidu.

Then, the location of each slot is enforced comBidethe phase distribution given in equation @)jd

the propagation characteristics inside the waveguedch slot location corresponds to a phase dfdlie

inside the waveguid®wsz, and must be equal to the desired pl¥&se

The phase of the field, for’eE1e mode, inside the waveguide is equal to:

Pug@ =222 1 - (f?) 3)

where,

[
~ 2a is the cut-off frequency of the waveguide foFBwe mode

fe

@ is the width of the waveguide.



The previous equation uses the propagation consefaifite TE1e mode of an unperturbed rectangular
waveguide. However, the assignment of slots onuiéréeeguide can obviously perturbed the field inside
the waveguide. This perturbation can lead to aor énrthe location of the slots and induces toié &

the position of the focal point. To highlight thepact of the slots assignment on the phase disitsitpu

we compare in the next section the theoretical phath the simulated one.

It is important to notice that the orientation bétslots allows us to use both the negative angdhitive
components of the field (Figure 3). This capabilityl optimize the size of the antenna, considetting
location where®s @) = ©.3C) and also the location whe®y @)= @wgsE)+T  Moreover, this
capability to use both negative and positive conepts of the field also prevents grating lobes which
appear when the distance is higher thanTo take advantage of the alternation of the daiéon, the

slots have been done on the small side of the wadedcalled ‘b’).

E-field inside the —_— E-field inside
YA waveguide with a phase P42 propagation the slot
E /A ETRTT ] | = 7
A : A Pl 4 R
! P RN e b
i T 4 v v v
; v v |
L bl v v
X(:/ >
> z

Ao/2 Slot

Figure 3: Orientation of the slotsto use both positive and negative components of the field

Figure 4 show®r @), ©w5 @) andPws @+ T 35 a function of . The slot positions to focus the beam
at a distanceds correspond with intersections indicated by “*". this exampleds= 200mm

f=941GHz anda = 23mm . The position of each slot is presented in tablgV2 have chosen the
maximum distance of 500mm between the antennahenfibtal point to reach a -10dB beamwidth in the
horizontal plane. The number of slots has beeneahds match with the specification of a -10dB

beamwidth of 200mm in the vertical plane.



The final structure is a symmetrical centre fed eguide with 14 slots. A drawing of the antenna is

reported in Figure 5.
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Figure 4. Determination of the position of each slot on the waveguide

The slots layout is symmetrical according to thedfeThe right side slot locations are given in gabdl

considering the feed as the reference point.

Table 2: SLOT POSITIONS

Slotn°| 1| 2| 3| 4| 5] 6| 7
dimm)| 21|42|61|79|97|114| 131
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Figure 5: Design of the slotted waveguide with CST Microwave Sudio
3. SIMULATION AND MEASUREMENT RESULTS

3.1 Simulation results



The final slotted waveguide has been simulatedgu§iST Microwave Studio (Figure 5). Loads have
been added at the ends of the waveguide to suppeflested energy and quarter wave transformer
inserted to obtain good reflection coefficient (g 9). As expressed in the previous section, the
insertion of slot on the waveguide can modify tieédfinside the waveguide and leads to a pertwhbaif

the field and a wrong phase distribution. To verifie impact of the slot on the field inside the
waveguide, we represent in figure 6, the desiraasplvariation along z-axis at the plane wherelfts s
are located and the simulated variation. We cait@amall differences in the phase distribution chhi

could lead to a small shift in the plane-wave lmrat
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Figure 6. Theoretical and simulated phase along z-axis in the slots cut-plane

Figure 7 shows thE--field results in the E-plane in both amplitude g@hédse at 9.41GHz. We can notice
that theE: -field is focused with a minimal width for the beaah360mm from the slotted waveguide.
Moreover, at 360mm from the slotted waveguide, a® motice a wavefront locally planEhe difference

of focal distance between theory (500mm) and sitimra(360mm) can be explained through two

different reasons:

» Firstly, as said above and shown in figure 6, ttiereén the phase distribution due to the wave
perturbation inside the waveguide induces by siogertion, can induce a small difference

between the desired and the actual plane-waveusit



» Secondly, the most probable reason of this diffezebetween the theoretical location of the
plane-wave and the simulated one is due to theoappation used in the theoretical study.
Indeed, the theoretical positions of the slotstemwaveguide have been determined through the
equation (2). This equation is based on the wablkm expression of the phase of the field in
function of the distance and the wavelengthZrl/)). But, as said in the part 2, in the near-field
zone, the propagation of the field is more compiien the applied ray-tracing theory which does
not take into account coupling between I-slot. Maer, in the theoretical part, we have
considered that each slot radiates an isotroptenmatAll these approximations in the theoretical
study can explain the difference with the simulatiesults. However, the approach presented in
this paper has the advantage to be easy to imptemigmnrather good results. Indeed, as shown in
figure 7, the beam is focused on a wide range stdce and the error in the position of the

plane-wave will have no impact on the system perforce.
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Figure 7: Smulated electric field E=z in amplitude and phase in the E-plane at 9.41GHz

Indeed, as expressed in references [10, 11], thesfs not a single point, and we can consider ttieat
field is still focus on a large area called theafodepth. Theoretically, the focal depth correspotudthe
half power beam size in the axial direction. We clarly notice in figure 7 that the field is sfiicused

at 500mm from the antenna.

As we can see in figure 8, this focal depth depemdthe size of the antenna. When the radiatingage

is very large compared to the wavelength, the falepth is very small and the focus is closed tmgles
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point. Conversely, when the aperture becomes snfalleund104 in our case) the focal depth is larger

with a maximum of intensity before the desired fatistance [10, 11].

As reported in table 1, a 10 dB tapering is reqlireboth vertical and horizontal plane for theused
beam at the focal distance. We specify that far ttheoretical calculation of the -10dB beamwidth
presented in figure 8, we firstly calculate thddieadiated by a discrete array of isotropic sosinesing
the following equation (Equation 4) and then, wiraot the beamwidth in function of the distance.

N _}.( ko i:(l::z_zﬁ'fem':i}_}: Ttxt )+'peiem': i)
Ez(x:z]:ZE b N ? Iz
i=1

(4)

Where, V' is the number of discrete elements in the apertiwés the wave-number in free space,
Za1em (@) is the position of thé™ discrete element in the aperture afigtem@is the phase of the

i*® discrete element in the aperture.

The previous equation considers a linear apertloegaz-axis (for x=0), with a uniform amplitude
distribution. Each discrete source radiates amdpat pattern. The variable x represents the digtdrom

the antenna aperture.
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Figure 8: Theoretical and simulated bearmwidth at -10dB for a radiating aperture equalsto 104 (a) and
234 (b)
3.1 Measurement results
A prototype of this antenna has been manufactusedepicted in Figure 9. Figure 9b shows the load
inserted at the two ends of the waveguide. We higee a flexible absorbing material (reference A®BI 1

from Siepel) held by a metallic square screwedht® waveguide. This absorbing material provides a

reflection coefficient of -25dB at 9.41GHz.

The antenna has been measured at 9.41GHz ana Hi§wshows the measured and simulated reflection

coefficients of the proposed antenna. The simulatiod the measurement are in good agreement with a

reflection coefficient lower than -28dB at 9.41GHz.
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Figure 9: The proposed dotted waveguide antenna (a) with a zoom on the load (b)
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Figure 10: Reflection coefficient of the slotted waveguide in simulation and in measurement

Thanks to a back-propagation technique appliedatofield measurement results, tfe-field of the
antenna in the near-field region has been detedvah®.41GHz for different distances. Figure 11vaho
the mapping of théz-field in simulation and in measurement at 100mAQr@m and 500mm from the
slotted waveguide. The dashed line represents ahtowr of the desired -10dB area with a length of
1530mm and a width of 100mm. For clarity, the siedl and measured spots are drawn in the same
graph and shifted along z-axis. Simulation and mmeasent are considered to be in good agreement,

even if small discrepancies can be noticed.
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Figure 11: Smulated and measured mapping of the normalized E = -field at 100mm (a), 200mm (b) and
500mm (c) from the slotted waveguide at 9.41GHz

Firstly, a slight tilt of the beam can be obserirecheasurement results in both planes. In the Bepltnis

tilt is equal to 2mm at 200mm from the slotted wgwide and 11mm at 500mm. In the H-plane thisgilt i
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equal to 2.4mm at 100mm from the slotted wavegaitt 12mm at 500mm. This tilt can be explained by

a both prototyping errors and slight misalignmefithe antenna in the measurement setup.

Secondly, in the H-plane, we can notice that tlegiBLbeamwidth obtained in measurement is smaller
than simulation results. Indeed, at 500mm fromdlotted waveguide, the -10dB beamwidth in the H-
plane equals to 1307mm in measurement and 1440nsimiration. This difference is partly due to the

post-process which calculates the near-field mappin

4. CONCLUSION

A near-field focused antenna providing a two dimemal focus beam, with a focus beam in the E-plane
and a wide beam in the H-plane, has been investlgatthis paper. This slotted waveguide can biyeas
designed with the formulas given in this paper. Shrulation and the measurement are in very good

agreement. As shown, this near-field focused amrteam be used as a feed for a linear array wittia r

length/width equal to 15, with a focal point loahte12.74s from the slotted waveguide.
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