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Abstract- Two design procedures for Radial Line Slot
Antennas (RLSAs) with circular polarization and either
maximum gain or an arbitrary shaped pattern are proposed.
Firstly, a method to design a RL SA with any desired pattern is
presented. It is based on an optimization algorithm and some
measures to ensure its fast convergence and stability need to be
taken. Secondly, a fast technique to calculate the length and the
position of every slot in a high gain RLSA with uniform field
distribution is described. Both procedures are validated with
the design of three antennas with different characteristics.

I.  INTRODUCTION

Radial-Line Slot Antennas (RLSAS) have been usest ov

the past few decades for microwave and millimetavav
applications, such as receiving direct broadcasellga
(DBS) systems. There is a growing interest in trore to
their suitability for low cost mass production atteir high
efficiency.

In order to achieve structural simplicity, a sintdgered
RLSA (SL-RLSA) was first proposed in [1], wheretslare
excited by a radially outward traveling wave mo8everal
design methods for circular polarization and maximgain
SL-RLSAs have been presented, as in [2]. Howevetr afi
the telecommunication systems require maximum gaud
there is a growing demand for arbitrary shapedepadt The
design of these cases is still an open issue.

The goal of this paper is to obtain a design praoedor
SL-RLSAs with either a beam or an arbitrary shapattern.
To achieve this goal, the help of a fast analysial tis
needed. An analysis model based on a simplifiethooeof
moments (MoM) and developed by Sierra et al [4gplied.
Two different design methods are proposed:

1) The first of them is based on an optimizatiohesoe
that was presented in [3] and is valid for any wcbi
radiation pattern. The length and the positionaafreslot pair
is modified until a match between the actual patemd the
target one is achieved.

2) The second is a new and fast approach in thigrde$
maximum gain SL-RLSA, based on [1]. Using
Archimedean spiral as a starting point, the lengamsl
positions of every slot pair are analytically cdéted in
order to obtain uniform amplitude and phase fighéréure
distribution. An iterative process is applied.

In Section I, the first design procedure for a RL&ith
an arbitrary shaped pattern is presented. Theiffeaetht and
specific design method for pencil beam RLSAs iscdbed
in section Ill. The effectiveness of both methosls/érified
with simulations in section IV and the pencil bedssign

method is also validated with measurement datadétian V.
Conclusions are drawn in section VI.

II. DESIGNOFA RLSAWITH AN ARBITRARY
SHAPEDPATTERN

A. Optimization procedure

The starting point of the optimization algorithm as
Archimedean spiral with N turns, distancg between
successive turns and spacisg between adjacent slot pairs.
The classic circular-polarized RLSA slot arrangetriéh is
followed.

The goal of the procedure is to find the slot I&sghnd
positions that minimize the error between the datadiation
pattern and the target one.

In order to ensure the stability and fast convecgeof the
optimization method, the length and position of reatot
cannot be modified individually. Therefore, a saimgplis
made. Two sampling points, located@t= 0 and ¢ = /2,
are chosen in each turn (Fig. 1). A virtual radigtelement is
placed in every sampling point, with length,;. The
coordinates of the sampling points can be expressed

Pri = Pmin + 2 (i = 1) + Bp; (1)
$pi = —m(i~1) 2)

wherep,,; IS the distance from the center to the beginning
of the spiral and\p; is the variation in the position of the
sampling point with respect to the perfect spitabve.

(ppi, Ppi)

the

Fig. 1: Spiral sampling

The algorithm optimizes the parametéps Lp; andAp;,
thus reducing the set to 4N+1 parameters due to the
sampling.

The length and position of every slot pair in theana
is calculated from this thinned set through a linea
interpolation. A smooth variation from one slot ip& the
next is achieved with this approach, thus avoidirgloss of
the spiral layout.
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Moreover, some lower and upper bounds on th& Sot pair length design
optimization parameters need to be included to cedhe The amplitude field aperture distribution can be
complexity and obtain physically feasible solutions controlled by the slot pair lengths.
1) 0.644 < S, < 4. The distance between turns cannot be yniform amplitude illumination is achieved if thatio of
too small, to avoid slot overlapping. However,hibeld  radiationz(p) (relation between the radiated power and the
be lower than a guide wavelength in order to sugreincident power) in every slot pair satisfies thdldwing

grating lobes. condition:
2) —0.05A; <Ap; <0.054,. A large variation in the

2-d
position of the sampling points would mean losihg t 7(p) = K_pi (7
spiral layout. ) )
3) 0.4 < Lp; < 0.5 A4 To enhance efficiency, the slot K = W (8)

lengths should be near the resonance. In this case, an
intermediate value A, between the wavelength in
the guide A, and in the air A,is considered [5]:

where d is the height of the guide, t is the podissipated
at the termination ang is the mean value of the distance
from the center of the antenna to the center oftweeslots
that form a pair.
The ratio of radiation depends on the length of shot
pair. As in the previous algorithm, efficiency wilbe
where w is the width of the slot, t is the heiglittoe ~€nhanced by choosing the working ran@éA.;, < L; <
upper plate and’ the relative dielectric constant in the0.5 Asy-
radial line. Therefore, the two steps that are taken to obtanstot
o pair lengths are the following:

B. Error minimization 1) Initially, we consider that the information abouiet
An important part of the optimization method is the antenna layout and the coordinatgs¢) of each slot
definition of the error function to be minimized. are known. Applying the condition (7), the ratio of

Two different types of error functions are introddc radiation t(p) is obtained for each slot pair.
here: 2) Finally, the polynomial that relatasand L, is used to
1) Type | is used in those intervals with maximum and calculate every slot pair length.
minimum requirements. In our case, it is useful thoe
main beam interval.

2o , 3)

0.4+0.6-s’+0.21\/§-(1—£’)

Aefr = j

B. Sot pair positioning
The phase field aperture distribution can be adjfuty
making small corrections to the slot pair positiondthout
(4) losing the spiral layout.
There are two different effects on the phase oktbetric
. . field due to the presence of slots: a variatiothe phase of
2) Type Il is necessary in intervals where there amy 0 yhe figld that is transmitted between the plates tiod
maximum requirements, such as the side lobes. €r0g8, e quidep,, and a variation in the phase of the radiated
polarization is also reduced using this error fiorct field ¢,,4. Both of them depend on the slot length.
Uniform phase distribution is achieved when all shats
radiate in-phase. The condition that the distangs;
In our approach, both the error between the targgktween a slot pair, i, and the closest one imthe turn, j,
radiation pattern and the achieved ang, and the error that must satisfy is the following:
is caused by the cross-polarizatiosy,, are taken into
account in the global erray:

2p
D(ajrd)i) Dma’x(gj"pi);'Dmin(Gj"Pi)
Dméx(gj'¢i)_Dmin(9j'¢i)
2

Ferrorl = ZiZj

Ferrora = 2 Zj q[D(gf’¢i)_DMéx(9j'¢i)] (5)

©21(Ls)+(Pradj—Pradi) (9)
2T

APij=Pj—Pi=/1g[1+

&r = Epp T @ Exp (6) Sinceg,; < 0 and ¢,qq4; < @rqqi (the length of the slots

a is a weighting factor, and its value is a designameter grows with the distance to the center of the argesind the
that depends on how strict the cross-polarizatioffdiated field phase decreases), it can be dedtzdthe
requirements are. required distance inij < )lg.

For a given antenna layout, the radiation pattewh the The algorithm to apply this correction takes thiofeing
cross-polarization can be obtained with the analytsiol steps:
described in [5]. Therggpandey, are calculated to compare 1) For each element i in the turg2y the closest element j
these values with the requirements of the spediésign. in the turn n-1 is searched for and the distanciee
Finally, the slot lengths and positions are modifitil the for them to radiate in phas&p, ;, is calculated.
global errore; is minimized. 2) In order to apply a smooth correction and not telthe
spiral layout, the same modification is made tothd
elements that are in the same turn. The new séparat
between turn n and n+1 will be the mean value ef th

[ll. DESIGNOFA PENCILBEAM RLSA
The aim of this second design method is to syr#beti

faster and with more accuracy than the generahigdition
procedure RLSAs with maximum gain. To reach thigeg
uniform amplitude and phase field aperture distidyu is
required.

Ap;; that have been obtained in the previous stephier t
M elements that are in turn n:

_— 1
Spn = Bpn = - XiApij < Ag (10)



C. lterative design method
Since a change in the position of the slots bralgsut a

change in the ratio of radiation(p), an iterative design

method is needed to fulfill both the uniform amypdie and
phase requirements:

1) The starting point is an Archimedean spiral with a
distance between turi$§ = 1,. The separation between

adjacent slots§,, has a constant value arouiidbA,, (if
it were too small, we would have strong slot caupli

but if it were too large, not enough power would be

radiated). The spiral layout determines the coatdis
(p, ¢) of each slot.
2) The slot pair length design algorithm is appliedthie

given geometry, with the aim to obtain uniform

amplitude aperture distribution.

3) The position of every slot is modified by the spir
positioning algorithm to achieve uniform phase aper
distribution.

4) Due to the change of position applied in step 8,dot
pair lengths should be recalculated in order nolbse
the uniform amplitude distribution. Therefore, veturn
to step 2 and then 3 again, iterating until a stablution
is reached.

IV. SIMULATIONS
A. Example (a): Pencil beam RLSA with design method 111

As a first example, an antenna with maximum gain, Directivity @19.9 GHz

designed using the method that was introduceddticselll,
is presented. Table 1 summarizes its design paessaet

As we can see in Fig. 2 and Fig. 3, both amplitadd
phase aperture distributions gain uniformity aféplying
the method.

Simulations have been carried out to validate thsigh
procedure, both with a software tool based on & NésM
analysis model [4] and CST Microwave Studio. Figghbws
the radiation pattern and Table 2 presents sontieeofesults
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Fig. 3. Phase field aperture distribution beford after applying the
iteration method
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Fig. 4. Antenna (a) copolar and crosspolar gaitepabbtained

with CST
Parameter MoM analysistool CsT
Gain @19.9 GHz 28.38 dBi 27.9 dBi
30.39 dBi 27.5 dBi
Side-lobe level -12 dB -12 dB
XP level -23dB -14.8 dB
S11 -13.7 dBi -17.3 dB
BW_ 3 45 4.34° 4.2°

Table 2. Antenna (a) simulations results

B. Example (b): Pencil beam RLSA with design method I1

Secondly, an antenna with the same requirementsttiea
one in example (a) is designed using the procedusection

of both simulations. Good agreement between them “S The design parameters are those presented hﬂ’eTb’

obtained.
Design frequency 19.9 GHz
Relative permittivity of the 2.17
material that fills the RLSA
Distance between the plates 3.175 mm
Slot width 0.4 mm
Antenna maximum diameter 200 mm
Number of slots 1062

Table 1. Antenna (a) design parameters

(dBm)

F rad

Slot number

Fig. 2. Amplitude field aperture distribution bedcaind after
applying the iteration method

except the number of slots (724) and the diamé&{d (mm).
Fig. 8 shows how the directivity pattern fits teetmask
that has been defined and Table 3 presents somiésres

Parameter MoM analysistool results
Gain @19.9 GHz 26.49 dBi
Directivity @19.9 GHz 26.95 dBi
Side-lobe level -10 dB
XP level -21dB
S11 -14.25 dB

Table 3. Antenna (b) simulation results
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Fig. 5. Example (b). Copolar and crosspolar gattepas.

Q



C. Example (c): Isoflux pattern Parameter M easur ement results

Finally, a different antenna, with an isoflux pattavith ,Gai,n,@lg'%(;"g 3%9'22%&.
an edge of coveragég,. = 20° was designed. Its design D|rect|V|tI)_/0(<sj)Sl .9 GHz OgdBBI
parameters are presented in Table 4. Side-lobe level 13 dB

20— : : : XP level -18 dB
S11 -9.5dB

Table 5. Antenna (a) measurement results
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Design frequency 7.85 GHz 1=t 5
Relative permittivity of the 1.7 mn
material that fills the RLSA ] _
Distance between the plates 7.328 mm Fig. 9. Measured 3D gain pattern.
Slot width 1 mm
Antenna maximum diameter 330 mm VI. CONCLUSIONS
Number of slots 226 Two design procedures for circular polarization RLS
Table 4. Antenna (c) design parameters have been presented: an optimization scheme fatragb
shaped patterns and a fast iteration method toeeehi
V. VALIDATION maximum gain antennas.

Both of them have been applied to the synthesithrefe
antennas and validated via simulations based dmglied
MoM analysis model [4].

Finally, the second method has been validated tih
construction of a pencil beam RLSA. The measuresnrat
have been carried out show good agreement with the
simulations.

In order to validate the pencil beam design mettibd,
antenna which has been presented in example (sgation
IV was constructed (Fig. 7) and measured.

As observed from Fig. 4 and 8, a good agreement is
obtained between simulation and measurement reSitter
measurement results are shown in Table 5.
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