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A Broadband LowProfile Circularly Polarized
Radial Line Slot Antenna

M. Bertrand M. Ettorre SeniorMember, IEEEG. Valerig SeniorMember, IEEE,
M. Albani Fellow, IEEE, and M. CasaletBeniorMember, IEEE

Converselyseveral topologies producing a CP radiated field
Abstract—This paper presents a circularly polarized  without a complex feeding structums polarizer have been
Corporate-Fed Radial-Line Slot Antenna (CF-RLSA) operating in  introduced in the past. In partien) leakywave antennas such
Ka-band and realized in lowcost, lowprofile printed circuit 55 glotted waveguidean produce a circularly polarized field
board (PCB) technology. The radiating aperture is fd by a by properly positioning slots on the waveguide walls. The radial

corporate feed network based on a broadband pillbosike cir cular . -
transition. The proposed feeding system results im 67% gain  Version of a leakyvave antennaRLSA), usesa radially

bandwidth improvement comparedto classical center-fed RLSA Propagating transverse electromagnetic (76M a Parallel
designs Pattern stability versus frequency is also achieved. The Plate Waveguide (PPW) to feed radiating CP slot pairs etched
bandwidth improvement provided by the corporate-feed topology  on one of the platesSuch arantennaype wasfirst introduced

is analytically derived for the general case of circular apertures jn the 196041] and late extensively used for Direct Broadcast
with uniform amplitude illumination. This predicted improvement Satellite (DBS) consumer applications irb¥nd[2], [3]. Both

is confirmed by measuremens. The prototype isoptimized using . . ;
a dedicated numerical tool, then fabricated and characterizeds ~ Single layer[2] and doubldayer implementatios [3] were

good agreement imbtained between simulated and measured gain demonstrated, aiming for high gain broadside radiation with
bandwidths, with a demonstrated relative bandwidth of 6.9% at high efficiency and reduced grating lobes. Such antennas were
29 GHz for amaximum gain of 35.5 dBi anda 260 mm diameter realized in lowloss, heavy metallic PPWSince then, a great

for the radiating aperture. amount of reseacth ha been devoted to the RLSA
development

Index Terms—Radial Slot Line Antenna (RLSA), leakywave
antenna, pillbox, optimization.

I. INTRODUCTION

Recent developments in antenna topologies fasgesed on
the realization of lowprofile, low-cost, high efficiency,
and high directivity antennas. Different applications drive suq
developmerds For example, thdatest 5G communication
networksrequirebeam agility as well as widlgand operation
in millimeterwave frequency bands. In the same trend, bo
military and civil satellite communications demand the (a) (b)
integration of high gain, widbard flat radiating panels for  Fig. 1. Circular aperture withaY a pointfeed and if) a corporatefeed
integration onmoving platforms such as airplanes and teain topologies. For a uniform aperture distribution with azimbusymmetry, the

. L . . corporate feed takes the shape of a ring.
For satellite communications as well as terrestrial links, a

circular polarzation (CP) is often required for a relialtiek in Adjusting the slot distribution, various polarizat®mvere
most environmental conditions and loation of the users achieved, suclas dual circulaf4], linear [5], [6], and dual
Straightforward methodtor CP rad|aF|on aréhe excitation in - jjneay [7]. Researclefforts have also been focused on shaping
phasg qqadrature of qrthogonal radlatlng ele'rrmmﬂ;acm.g @ the radiated pattermbtaining for instance elliptig8], isoflux
polarizer in front of a linedy polarized(LP) radiabr. The first [9], conical[10], and tilted beanfiL1] far-field patterns. Near
solutionusually requires a compldgeding networkwhereas fq)q shaping hasalso been successfully demtrased [12],

the latter exhibits design challengespecially for a wide field [13]. Finally, majorprogress has also been produced toward
of view.
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modeling[14], [15], designand optimkationtool development shown for a conventional poufed circular aperture. Then, for
[9], [16]. the same apertureaye demonstrate the estimated bandwidth

One of the main limitations of leakyave antennas sues improvementprovided by the integration of a corporate feed
the RLSA is bandwidthfor a defined paiting direction network

Typically, a conventiondRLSA gain bandwidth is limited to 3 A. Bandwidth limitation of poirfed uniform apertures

to 4 percent forealized gains above 35 dBi. Such high gain™ ] } o R
values can only beealized by large apertures, which naturally This section aira to evaluate the variation of directivity as a

suffer from phaserror as the frequency strays away from tthnc.tion of frequency for a uniform. aperture. In this derivation.,
design frequencyThe fundamental reason for that is the largd!® impact of the aperture sampling provided by the slots in
distance between thediating elements and the center feed?LSA antennas is not considered. In practice, such a sampling
point. Current solutions to this problem consist in usiog does not impact thg radiated-fagld if correctly implemented,
permittivity effective multilayer material[17] (emulating the PY small slot spacing compared to the fsmace wavelength
vacuum case) or using radially modulated dieledt®s [19] [9]..Le_t us thereforeconsideran aperture on a (.1|sk.of ra(_Jllus R
to createdifferent radiating regions at different frequeies ~ radiating in the upper hatipace. The aperture is discretized in
This latter solution can achieve largenthaidths at the cost of S€veral current elements, each of them being illuminated by an
alow aperture efficiencyngaximum30%). outward radial wave propagating in the lower ‘sgdhce with a

In 1991,a Japanese patentaebssing this specific limitation Wavenumber k( 2), where Z is the operating angular
was filedfor a metallic corporatéed RLSA [20]. The proposed frequency. This correspostb a feed point placed at the center
implementation consistedf a combination of Hplane power ©f the aperture (see Fig.(e)). The complex electrifield
splitters and waveguideends to excite the aperturedifferent  component radiated by a single current element is written
locatiors. According to the authors, this solution could provideEF 7, / , where 7 denotes theangular spherical

a bandwidth increment by at least a factor of 2. While thg qrdinatesThiscurrent elemertan represent a single linearly

concept was highly attractive, the realization sich a ,|arized slot, or a pair of sldtsquadrature radiating a circular
corporate feed relied on heavy metallic parts wittoenplex o i . . )
assembly20], [21]. Recently, technological evolutions such agolanzatmn. The total fiel€ T, / is thus given by:
substrate integrated wavedai (SIW)technology haveaved
the way for lowcost planar realization of large complex
antennasvith PCB fabrication process§®?], [23]. Based on
thesenew developments, we present a Jprefile, low-cost
CF-RLSA operating in Kebard and achiving a 70% the array is designed for theminal frequencyz, such as that
bandwidthimprovement as compared to its cenfeml RLSA  all currents are synchronously radiating at broadside at this
counterpart The corporatdeed network is based on a novelfrequency.If we assume an aperture sampling sufficiently
circular pillbox transition [19](see Fig. 1) The paper is dense and therefore neglect the impact of the sampling, i
organize as follows. naturally follows thatAF 7, f Z R?, whereR is the

In Section 1] theupper bound for the antenna bandwidth for

: L : aperture radius. At any défent frequency Z ,, the aperture
a uniform radiating aperture fed by a central point source a_ng y a y 0 P

the circular corporatefeed networkare derived, leading tn IS llluminated by a radial wave with wavenumbgck and the
estimated theoretical bandwidth improvement factorThe phase distribution presents a linear phase error along the radial
practical implementationthe design procedureand the direction proportional to the field path from the source to the

optimization ofa CFRLSA in PCB technology ipresentedn radiating point (slot). Therefore_, the phase shift error is given
Section IIl Section Il reports the reated prototype anthe °Y K X o% , wherek is the wave vector of this
comparison betweemeasuremestand simulationsFinally, incident wave, so that:
conclusions are drawn in Section.lV

E 7,/ AF , ,TER Z, 1)

where AF T, / is the arrayfactor. Let us now assume that

2SR
Hk k 2
AF 0,0, Z 3eB o5 d . 2
Il. THEORETICAL INVESTIGATION OF A LINE-FED UNIFORM 00

APERTURE BANDWIDTH ENHANCEMENT ) ) ,
_ ) ) _ ) Introducing the maximum phashift error at the antenna edge
In this sectionwe provide a theoretical argumentation for a , S
"4 k , R,(2)simplifies as:

CFRLSA and derive arestimated bandwidth improvement
factor, as compared to conventional pded RLSAs. In
particular, we consider the gain degradation related to the AF 0,0,
increasing phase error on a uniformly illuminated aperture. It is
Worth mentlonlng that other fa'ctors such as .SlOt polarlzabl'll% addition, if we assume that the field radiated by each element
dispersion and edge baskattering could also impact the gain. lowlv chanai dth inal f yth
bandwidth. However, we assume étivatsuch effects may be 'S SOWIY changing around the nominal frequengythe power

. . densitySradiated at broadside can be written as:
neglectedvith respect to the phase error siecige effects can 1
be practically mitigated byusing absorbing materials at the S 0,0, Z _| AF T f||3: ., |f' (4)
antenng outer edges. First, the gain bandwidth limitation is 2/,

2R

L jz 172 (3
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Thus, the power density variation over frequency is given by op g o~ nge Bk Zk o F RV Py

1 2 2 . oo
S0,0,Z §|AF ;7—, /|lEF '] 7| / % |AF - /2 2‘926] D Zl ej Sz f J ZZJ @j, a‘é
4 [ ‘ 12 —
S 0,04 1 S?4|EF , 7-0,12 Z SR V4
2 9)
(5) As done previouslyusing Taylors expansioni (9) leads to

Finally, using Taylor'sfirst-order approximation with respect the simplified egation:
to thesmall parameter, '(5) reduces to

2 g |AF 0,0, | Z R 15 116° 24 8D 2
AF 00, [ Z°R' 1 T 6) 18 .

Then, it follows that the adiated power density variation
Considering a conventional aperture made o$siwhed onthe around Z becomes
top of a PPW with a dielectriconstant 4, the radial S 0027 1
—— 1 = 116° 2* 8° D 11
wavenumber isk Z . o/, andthe 3dB frequency S 00,4 18 )
bano_lwidth can then_be estimated by equating this ratio to 1,/£gain solving the corresponding seceardler polynomial for
leading to the followingounds: a 3dB variation, that is equating this ratio to 1/2, leads to the

12 C - following 3-dB bandwidth expression
3dB z 0 3+—<, (7)

JER 5 % 1 w2
where c, is the speed of light in vacuum. RE V1 16° m* 8°
The absolute bandwidth B is thus given by As can be noticed fromlp), the gain bandwidthis a function

L of the ring relative radiuglefined by D.
B 0 (8) Let us now determine its optimal value for wideband operation
\/_r R by forcing tozerothe derivative of the relative bandwidth with
These derivations do not take into account seysaEmeters, respectto D
such as the spatiabmipling of the aperture as well as the dB 3 48 2 9B ° 48°
frequency variations of thdield radiated by each current dD RG - - = (13)
element. However, these seclary elements usuallyave a V116 m* 8¢
smallimpact on the gain variaticatthebroadside compared to
the phase error appearing immediately on the apertutieeas Solving dB/d D Oleads to three solution=1, D=-
frequency departs froni. 1.6180,and :0.6180, the only physical being the third one.
B. Bandwidth improvement offered by a lifeet aperture For this optimal parametealue, the absolute bandwidth
In this section, the resulfgesented in HA areextended to becomes
the corporatdeed case. In particulags shown in Figl(b), it 3c,
is assumed that the antenna feeder is asfaged lin®f radius B \/_HR1$8944' (14)
U R, where [» areal positive constant smaller tHahe '

practical realization of this feed will be discedin Sectionlll. ~ Comparing this last result with tleguation(8), the bandwidth

To maintain an azimuthallyniform aperture distribution, a increment factoris estimated to bequal to 1.8944From a
constant phase along the circle is assumed. In this conditen, Physical point of view, the gain degradatioan bereduced
radiating ¢ementsplacedinside the circle are exciteoly an through the minimization ofhe phase error on the aperture.
inward propagating wave, while the others are excite@rby Sm.ce.thls error isproportional to th(_a d|§tance petween the
outward propagating one. Finally, it is assumed that all tj@diating elements and the feed popiacing thering at an
incoming power is radiated by the antenna so that the inwdfiermediate - position on the circular antenmperture

propagating wave doestreverse itself into an outward oae minimizes the average error.

the antenna center, and the outward propagating wave is nm PRACTICAL IMPLEMENTATION OF A LINE-FED CP-RLSA

reflected by the antenna edge.

In this context, the element factor and the array factor at the Design and Optimization

designfrequency 4 are the same dar the pointfed RLSA At To illustrate the bandwidth improvement provided by the

a generabhngular frequencys the aperture linear phase errorcorporatefeed networkin circular apertures, we present here

in the array factor depends on the distance of a partisolace the design of a 260mm-diameter CFRLSA based on

point (slot) from the ring feed, namely conventional PCB technology at 29 Ghimplementing an
RHCP aperture field with uniform amplitudéNe will first
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discuss the design of the corportgednetwork then describe (Y¥;= 2.2, tan U= 0.0009) forming a stackup of two PPWs
the adopted optimization procedusnd finally compare the These substrates were chosentfir low dissipation factor,
simulated patterns of the GRLSA with a reference optimized which is a critical parameter to achiey high radiation
RLSA. efficiency with large antenna¥he lowerPPWcan be seen as
a power distribution layer, in which a coaxial pin inserted at the

center excitesreoutward radially propagating TEM wave. This
wave is then transmitted to the upper layer thanks to the
combination of a circular reflector of radiusRade of closely
spaced metalized wdaoles and coupling slots etched in the
middle metallic plane. In the upper layer, these coupling slots
excite two waves propagating in opposite directions, that is
toward the center and the edge.

The circular transition geometry was first optimized
separately.We are dealinghere with a uniform amplitude
aperturdield. Thereforeacompromiséhas to be found between
the optimal slot ring radius derived gectionll-B ( 3=0.618)
and the need to uniformly radiate the powerthe antenna

surface (D ]/\/E 0.707 to have the same area for the inner

and outer antenna regions). Since the two values are close to
each other, therototypetransition was optimized around the
secondvalue to avoid gain degradatiowhile maintaining a
good bandwidth incremen{smaller than the theoretical
maximal value of 89%jndtargeting minimal reflection loss
overa wide frequency band. The resulting transition is made of
156 slots positioned at a radius equal

prov rero— - to B=(0.698R=90.7mm fromthe center. EvaluatinfL2)
: / - \ with this value shows that 74% bandwidth improvement can
i i be expected compared ttee conventional RLSA). The final
I I parameters of the transitiowere found via a fullwave
optimization (Ansys HFSS), leading t&;=9445mm,
lc=315mm, and w.=035mm. Finally, a partiaheight
metallic cylinder (W = 2.7mm, h; = 0.8mm) was added to
ensure goroper transition from the coaxial feed to the lower
PPW. Thesimulated reflection coefficiestit the coaxial feed
point areillustratedin Fig. 3. As depicted, dr this simulation
two cylindricalabsorbing boundaries were added in the upper
PPW to avoideflections toward the feed, one in the center and
asecond onat the outer edge. The simulategkis lower than

-10 dB in the entir27.531 GHz band and remains below
Fig. 3. Simulated reflection coefficient of the ciraubéibox transition 15dB from 28 to 30GHz.

Fig. 2. Corporatéeed network implementedin PCB technology: (top left)
lower PPW, (top right) upper PR\&hd (bottom) latex view.

Absorbing boundary

2) Slot Distribution Optimization The radiating slot
distributionon the upper metallic layer was optimizeéhgsan
in-housefast numerical tool[24], [25] along with an iterative
procedure from[9]. We will briefly present here the
optimization method whiléighlighting the modifications that
were adopted for thigircularly feed aperture, ihecessary
further details can be found|[i8] for the overall procedure. Let

HV'!l(.'(p)

T
g us first consider a pair of slots positioned on top oRR&V at

7~
Wradiating a circudry polarized field when illuminated byna

Fig. 4. Geometry of théd"islot pair, radiating a rigktanded circular polarized !ncu_jent field propagating alo_ng th_e rad'_al vec_td>as dePICted
field when illuminated by an outward propagating incident figld. H in Fig. 4. The two slots have identical dimensionsvland are

oriented alongd, and U, , respectively. In addition, they are

. D Corporatt_a feed networkin order t_o reahzg the C'rC“"’?‘F slightly shifted alonghe radial axis! to avoid overlapsin this
in-phase feeding of the aperture, a circular pillbox transition = ) ] ] )
architecturds employed. As illustrated in Fig, the antenna is configuration, if the orthogonality of the sktequivalent

made of two 1.575 mm thick Rogers RT Duroid 5880 substraté¥ignetic moments is imposed(,(U,” 0), a ciralar
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polarization is produced at the design frequency, for whichwehere £and £ are used to adjust the correction strength,
radial distance of 8= @4 separates the slot centers. typically #= £=05, In addition, the antenna spillover
Such a pair of slots constitutes an elementary radiatirgficiency K is also computed at each iteration to ensure that

element of the aperture. In practiceyuamerical evaluatin of e optimization loop runs until nearly all the accepted power
the dipolemoment of each slas performedthenthe moment 54 ihe feed is effectively radiated. It is defined as:

of the pairis obtainedwith an inrhouse Method of Moment

(MoM) [241[25] as M ! ,Q !, , . where K % (20)
M, M!™, and M,

moments of each slot. Thaptimization procedure consists in

determining thepositions W and lengths;Isuch that a given

target moment distributiocan be realized on the aperturer
RH-CP antennas, thiarget aperture distributiois written as MoM code,when K, 1 all the power injected by the feeder is

M . A Uy, , where A(Y representsthe radial radiated by the slots. The loop is repeated ufilis stabilized

amplitude distribution andl ,, is the normalizedight-handed &round a sufficient value, and the average aperture distribution
polarization vector, given by: error H given by @1)is sufficiently small.

i . M!", designate the dipole

wherePac is the power accepted by the antenna at the feeding
port, whereas is the total power trapped in the PPW beyond

the slots distribution. This latter quantit, is obtained by the

O ﬁ‘y. (15) H

119 I

= Ha,, ML — 21

N n|1 RH i A ( )
For all iterations, interpolation functions were used fdr, Bnd

Following[9], a complex fitness function can be defined as : ' s W
Yto improve the stability of the optimization aneduce the

M ot number of parameters. Therefore,ahd & were indirectly
i T RH adjusted via a reduced number of control pointshasoughly
FL — M (16) described irf].
Al
A
where
_ N
A hlA]
Ne n's 17)
_ 1 N
Mo — ag, M 1|
N, ol

are the average target and irephented dipole moment
amplitude over N slot pairs. The amplitude asproportional

to the local amplitude error, while its argument is directly the
phase error.

While the slot length correction law is the same as the one
presented in9], a modified position correction law has been
introduced to take into account the double nature of the incident Fig. 5. The layout of the optimized standard RLSA
field (outward and inward waves).
The slot length and position of theéhi pair isthen be adjusted Internal spiral
at each optimization steg#1) based on the fitness function i
evaluation at steps) by:

R N N VSR (18)

0 :
(oo External spiral
PR b,

NN
PO
DAL

and — LD IARERARY 3
. Arg e s L B2
U ——f R L
8! Kk i
1 d
v e y (19)
° s Arg I\: s !i i NN Rlng SlOt ‘
°c Yy —F——if, R |
< k o source
d AANNAANNNIY i | | |

Fig. 6. The layout of the optimized €¥LS
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For comparison purposes, a standard RLSA printed on a sin MagnituGelEN
layer of Rogers 5880 substrate of thickness 1rBibwith a
radius of 130mm radius was firstly designed using the

optimization method. The antenna layout is depicted inFig.
The radiating aperture is composed of a total of 1842 slots
width w = 0.25mm and lengths ranging from 213m to 4mm.
For such a centded aperture, it is well established that a spira

distribution of slot pairs individually radiating a circularly 2|

polarized field produces a circularly polarized broadside bed . ' ' ‘

LOTOS N O-1]

in the farfield [2]. For a linefed aperture, however, the cente
radiating area is fed by an inward propagating wawe spiral
orientation should therefore be reversed to obtain a similar f4
field pattern. As a consequence, the RIESA is composed of
two inversely rotating spirals, as illustrated in Fig. 6.
In comparison with the standard RLSA optimization, th
objectiwe field, the fitting function, and the efficiency remai
the same. However, the problem arises from the inward wa
excited by the annular feed, which after reaching the ante A A8 455 Gk S00 g R aet 4 W
center becomes an additional outward wave causing bol @)

unwanted additional radiation and a stationary wave in the

antenna inner area as showrfig. 7(a). This latter aspect can

deeply affect the stability of the optimization method because,

as shown in Fig7(c), in some positisthe incident field on the

radiating slots can be gak or null. To deal with this problem,

an absorbing pin was mathematically added at the center of the

upper PPW in our numerical design t¢bigs. 7(b) and (c)),

despitesuch a onfigurationdoesnot correspontb a physically

realizable antenna. Doing so leads to smooth field amp$tude

however, part of the energy will be dispated in tle pin,

lowering the efficiency. Therefore, th@tomization procedure

ends wherthe efficiency becomes close one, meaning that

boththe outerand the inwardvavesare completely radiated in

the space by the slots before reachingatitenna edge and the

absorbingoin, respectively. Once this configuration is reached

the absorbing pin can safely removed to obtain a realistic

design.
The starting point of theptimizationis defined as follows. All
slotshavethe same length F 2mmand widthwy = 025 mm. (b)

They are positioned along regularly sampled internal and
external spiral arms with a fixed spacid§of 4.5mm, which
is slightly lower than 2 a the design frequency of Z8Hz.

The evolutions of the average aperture distribution erfkbr

and spillover efficiencyX, during the optimization proceda

are illustrated in Fig8. The spillover efficiency veryapidly

stabilizesitself aroundits final value of 0.91, whilemut 20

iterations are required for the average aperture ern@aith a

minimum value of 0.22. In the end, the radiating apertu

consists of 807 slots in the internal spiral and 879 slotsein th

external spiral, with lengtheinging from 3.6 to 3.mm.

The phase and magnitedf the fithness function;&tthe end of

the optimizatio are depicted in Fid®. Themagnitude of Fis

close to 1 for most slot pairs, with a lower value at the outer

edge of the antenna, caused by the taftibetween achieving ©

uniform illumination while minimizing spillover loss. The Fig. 7. Electric field launched by the feeder in the upper PPW (absence of
constant phase value of feflects the imphase radiation of all radiating slots). (a) Stationary wave presence in the internal area. (b) Effect of
st pairs. n terms of computing resouroes raglifor the _ gt i he horzontal piane i and wihout he centa absorg.
an office laptop eqpped with an Intel i5 7300U processor

combined with8 GB of RAM.
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Fig. 8. Evolution of the average aperture distribution erfof and spillover
efficiency /go during the optimization procedure

Fig. 10. The simulated gain pattern of the optimized RLSA

Fig. 11. The simulated gain pattern of the optimizeeRLSA

Fig. 9. The amplitude and phase of the fithess function at the end of @e Fabrication and measurements
optimization procedure ’

B. Simulation results

Both RLSA and CFRLSA farfield patterns wereomputed

The complete simulation was performeaith the commercial

software Ansys HFSS, taking into account the finite size of the

substrateThe simulated gains are illustratedHigs.10 and 11,

respectively. The RLSA exhibits a broadside 36.8 dBi gain at

the design frequency of 29 GHz, however, this gain rapidly

degrades with frequengcgeaching about 2@Bi at 28GHz and

30 _GHZ' In comparison, the GRLSA Sh_OWS a very S_table Fig. 12. Realized CIRLSA antenna: (left) Topiew and (right) bottom view

radiation patter over a larger bandwidthThe obtained

radiation efficienciest the central frequency for tRLSA and  The optimized CFRLSA was realized usingtandard PCB

the CFRLSA are 86% and 82%, respectively. The diﬁerenc%chno|ogy_ The prototype is depicted |nng On the upper

could be.explained by the dielectric and ohmic losses in thﬁ/er, one can see the two spirals with opposite rotation

propagation through the corporate feeder. directions, as well as the neadiating area located above the

While a slightly lower gain of 35.7 dBi is achieved at the centgged. On the opposite side, the coaxial feed point, as well as the

frequency.a gain higher than 27 dBi is maintainednr@7 ©0  metallic pins for the pillbox transition, are visibl@he

32 GHz. This simulation result clearlymenstratestte impact  measured and simulategin patterns are compared in FigB

of the reduced phased error on the aperture provided by He frequencies between 27 and GHz. To ensure the

corporate feed. readability of the results, the graphs have been limited to the [
30°,30°] angular range. The completean at the design
frequencyfor measuremenis reported in Fig. 14.
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Antenna gain at 27 GHz
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Fig. 13. Measured and simulate@in patterns (= 0 deg.) afa) 27, (b) 28, (c)
29,(d) 30, (e) 31 and(f) 32 GHz.
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Antenna gain at 29 GHz
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Fig. 14. Measured gain pattert=(0 deg.) at 29 GHz.
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Fig. 17. Measured and simulated reflection coefficient of RIFSA

First of all, astable broadside beam with rigtnded circular
polarization was measured in the band32:GHz, with side
lobes level (SLL) reaching a minimum d#-dB at 29GHz and

a maximum of-6dB at 27GHz. The crosgolarized left
handed radiation level is 1B below the cepolarization at
27GHz and remains 2B lower for all other frequencies.
Finally, an overall good agreement between simulations and
measurements was observed.

The realized gain for both simulated and measuredRCFA,

as wel as RLSA, arggiven in Fig. B, while the axial ratio is
reported in Fig.6. As already illustrated by Fig8.and 10, the
corporate feeding technique provides a much less dispersive
radiation pattern, as clearly visible in this gain vs. frequency
diagram. Simulated anmeasured gains of the GH.SA are in
good agreement, despite a slight shift toward lower frequencies
in measurements. A maximum gain of 38B1 was measured

at 29GHz, as expected in simulations. AB gain bandwidth

of about 2GHz was measured, as cpaned to 1.91GHz in

Fig. 15. Measured and simulated gain versus frequency for both RLSA and cimulations. On the other hand, the simulated RLSA exhibits a

RLSA.

Fig. 16. Measurednd simulatedroadside axial ratifor both RLSA and CF

RLSA.

slightly higher gain of 36.8Bi at 29GHz with a 3dB gain
bandwidth of 1.Z5Hz. The estimated improvement of gain
bandwidth achieved by the ring feed is therefore 67%etjo
approaching the estimated 70% in SecAlll-

Finally, the measured and simulated reflection coeffici€nts

at the input of both antennas are represented inlizign the
simulation, a reflection coefficiemgreater than 18B between
28.16 and 30.5GHz was obtained, however, a degraded
reflection was observed in measurements. This discrepancy can
be explained by fabrication constraints related to the coaxial
transition, which unfortunately impacted the meas
response.

The performanceof the proposed antenna @igenin Table 2

and comparedwith existing RLSA designs specifically
addresmg the bandwidth limitation. The reference RLSA
design from this paper is also included. The comparison is
based on threal (or effective) permittivity of the radiating
layer, manufacturing technology, realized gainrdB3 gain
fractional bandwidth (FBW)aperture efficiengyand gain-
bandwidth product (GFBW) over aperture radius (in
wavelength) multiplied bys% (GFBW 3% &/R). Contrary to
GFBW, this last figureof-merit does not depend on the antenna



This article has been accepted for publication in IEEE Transactions on Antennas and Propagation. This is the author's version which has not been fully edited and
content may change prior to final publication. Citation information: DOI 10.1109/TAP.2022.3218761

> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLELICK HERE TO EDIT) <

radius (in freespace wavelengths)or substrate permittivity
which dlows for comparing the antenparformances in terms
of designs, materials asidedeed,it can be easily shown that
from (8) and (14) GFBW is proportional @( &,3,¥). Finally,
the aperture efficiency of the @®.SA is estimated by
removing the simulated radiation efficiency from theasured
gain, which is very close to the simulated ceed for reference

(7]

8

(9

[18] the intermediate permittivity of 1.2 was considered in thgo]

calculation.
Freq.| . Gain | FBW | R 4(%)GFBW % &/
Ref. 1 GHz)| % | &M | (@Bi) | (%) R
RLSA' | 29 | 22| PCB | 368 | 41 | 89 232
This 1 59 | 22| pcB | 357 | 69 | 73 30.3
work
171 | 19.4 |1.41] Hybrid | 31.2 | 6.2 | 62 125
[18] 11 |1-1.4] Hybrid | 27.3 | 27.6 | 28 21
[21] | 11.85]|1.59] Metal | 33.7 | 6.7 | 42 16.7

Tablel. Comparison of the propos&@F-RLSA design to the state
of-the-art solutions.

(11]

(12]

(13]

[14]

While using a standard manufacturing process (PCB), the

proposed antenna offers the greatest GREQ&/R (30.3,

versus 22.1 fof18]), which shows the significant impact on

(15]

bandwidth improvement of the corporate feeding while

maintaining a good aperture efficiency (73%).

IV. CONCLUSION

In this paperwe demonstrate the benedit corporatefeed
networks for RLSAs in tens of gainstability andoperational
bandwidth comparedto classical designsin particular, a
130mm radius CHFRLSA incorporating a circulaipillbox
transition in Kaband wasdesigned, fabricatedith low-cost
PCBtechnology and characterizedd 67% bandwidth increase
was obtainedvith respect to convention&®LSA designsThis
work could be ofnterestfor achievingevenwider bandvidths
andhighergainswith low-cost flat radiatingpanels for a variety
of applications, such as satellite links oexhgeneration
communication netwds in the millimetetiwave range and
beyond
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