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Shaped Continuous Parallel Plate Delay Le
with Enhanced Scanning Performance

Francois Doucet, Nelson J. G. Fons&®nior Member, IEEEEtienne Girard, Xavier Morvan,
Laurent Le Coq, Hervé Legay and Ronan SaulEallow, IEEE

over a wide band of operation wile <0 wing | ost in
Abstract?2 Shaped continuous parallel plate waveguide delay manufacturing. One of the simplest desig, firchdes_ribed in
lenses are proposed in this paper. The previous configurations W K H fv LV WKH BL@¢kKby Wwith. QWid Q QD
introduced by the authors displayed a residual side lobe dimensional circular profile, limited )y spi.trica.” phase
impalance, showing the Iim[tations of eIIipt'icaI delay lens profilgs, aberrations. This pillbox configu/@uon his been studied in
derlyed from a starting bifocal constrained lens. Polynomlql several antenna designs (e.§¢ . [5], €6]) proposing a
profiles are proposed here as a way to enhance the Scann'ngparabolic profile with one opgxis e fe cal point, resulting in

performance and the pattern shape. Optimized configurations . S . . . .
demonstrate a reduction of the phase aberration levels over a phase aberrations which ifcreasq drastically with the scanning

large scanning range ([-30°, 30°]). The associated radiation @ngle. To extend theyscciiiing capabilities, Riize and
patterns demonstrate lower and more balanced first side lobe Rotman([8] lenses werentrogsed, making use of discrete
levels ( -18 dB), as compared to the previous elliptical approach transmission lines“)onneci »g the outer lens contour and the
( -13.2 dB). A validation has been proposed through the radiating apertzu2. Novertheless, the discretization performed
manufacturing and test of a prototype over the down-link Ka for the apertu’e inthduces some limitations. Most designs rely
band ([27.5-31] GHz). Excellent radiation performance (HPBW, on a port spe ing of half-a-wavelength, setting an upper limit
SLL) has begn obteginec.i expgrimentally over a wide angu[ar on the #PWatingifrequeng9]. Wide band performance can be
range ([-31.5°, 31.5°]), including low scanning loss and high achiel=d #Lhina  coaxial cables, enabling a very fine

radiation stability over the entire frequency range. High cretizition of the lens but leadina to more comple
radiation efficiencies are demonstrated with this fully metallic | ¢ 5 \ 0 u Ing piex

design, particularly suitable for space applications. The M Arfaccfig and assembly processes, as well as degraded
mechanical simplicity offered by the concept is alsodmite PC TG Dort coupling. The 2D Luneberg lensgd] are also

attractive for low-cost multi-beam platforms. narcularly attractive to target very large scanning
periurmance, by synthetizing a graded refractive index within
Index Terms2 Beamformer, constrained lens,  :eometrical parallel plate waveguide. Solutions using a periodic
optics (GO), ray tracing, multiple beam antennas, 2 ‘el plate distribution of ping11] or holes[12] were proposed, but their
waveguide (PPW) manufacturing is complex and becomes challenging at high
frequencies. An alternative solution based on the geodesic
. INTRODUCTION lens, also known as the Rinehanineburg leng13] has been

The increasing demand for¢broa beid fommunicaticeroposed in[14]. This approach proposes a significant
systems leads to the deploym. & ol a.ge number kfduction of the geodesic curve height, which is an inherent
satellites, operating at very hish fre yuencies and proposifignitation of the concept, while making it more suitable for
multiple beam coverage tol reus ) eticiently the availabRillimeter and submillimeter wave manufacturing constraints.
bandwidh [1], [2]. Most of " :e ant nna systems currentlyfhose solutions are nonetheless limited by their overall size
proposed are based opiam m«lesign approach, explair(iffy & L sdue to the rotational symmetry properties.
some efforts needel f#i the Wevelopment of low-cost A new concept of continuous parallel plate waveguide
solutions, while maintcing s ringent RF constraints. SimpldPPW) lendike beamformer has been recently introduced
mechanical deg'gns opeidiig over a wide frequency range[db]. This beamformer (Fig. 1a) solution transforms a
possibly over u, » and { own-link bands while covering a wideylindrical wave, launched by one of the primary feeds (Fig.
angular saCwr arc ieglired. la), into a nearly plane wave exiting a radiating horn. The

A part ular aitention has been given recently to quagphase conversion is ensured by the use of a transversal ridge
oatical beomfor iers as they provide scanning capabilitiégd cavity (Fig. 1b). The main beam directiegis defined by
A W the angular feed positiods along the focal curve (dotted line

his4fork wus supported partby the European Space Agency (ESA) andin Fig. 1c¢), with & L & An experimental validation of the
in | 't by Thales Alenia Space, Francen the frame of (6$TV concept is reported ifi5].

Netw, <king/Partnering Initiative (NPI). :
F. L bucet, X. Morvan, L. Le Coq ard. Sauleau are with Univ Rennes AN analytlcal mOde[]'G]’ [17] has been deveIOped based on

CNRS, IETR (InstitutG 1 ( O H F WethR Tgkédorhiunications de Rennes) ge€0metrical optics (GO), which demonstrates good and time-
UMR 6164, F-35000 Rennes, France (e-ma#doucet@gmail.cojn efficient prediction of the proposed radiation properties when

N. J. G. Fonseca is with the European Space Agency, 220 AG NOOI’dWiE(Ompared to full-wave analyses_ This analytica' model

The Netherlands (e-maitelson.fonseca@esa)int . A
E. Girard and H. Legay are with the Research and Developmeﬁpabled more extensive optimizations and two methods were

Department, Thales Alenia Space, 31037 Toulouse, France (e-m&PMmpared irf18], one based on _phase-only error minimiz_at_ion
etienne.girard@thalesaleniaspace.jom and one on pattern constraints. All proposed optimized
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Hppw! h Ridge height profile, hy Fig2. RMSvalueof thepathleng nerrommarmalizedWR WKH ZD)
15 L versuspointingangle &g for differer. 3 .smoc Isanddifferentbeamformer
T types, definedvith the same o mete® L sfa
Transversal ~ . .
cavifl along the outer lenc contcLa\) and improve the radiation

performance./ 1.5, pe . is organized as follows. The
theoretical & oroaci.is presented in Section Il, and optimized
configurations are analyzed and compared with the results
obtaint.d ir 18]. “n experimental validation is presented in
acticn )i an . Conclusions are drawn in Section V.

Transversal _—|

ridge

Outerjléns

contouls Inner lens contour, ;

ASS)

| |- 4COLYNOMIAL SHAPED DELAY LENS *THEORETICAL
§ Herw APPROACH

ine design parameters used in this section are shown in
Jig. la. For comparison purposes, the configuration
(®) considered here is the same a$li]. The lens diameter and
| the focal distance are respectively set & L sraand
F;6; =-a) For'o=a B L ray®&here dis the wavelength in free space at the
% o center frequency. The bifocal constrained lens approach,
“reeD 5 |\ previously proposed as a starting point to design the
N, “ continuous delay lens, is also considered here. Two focal
~ G 9 points positions (s and (¢ are defined by their angular
' =< T positions & L U Lur! & L FU L Ertrespectively, as
& dne \ ) shown in Fig. 1c. A point source located at each focal point
produces beams pointing &; L g Both focal points and
=) the lens are symmetrical with respect t®axis; as a
Fig1. Continuous p=Wel [ ‘e wiveguide (PPW) fike beamforme ~ CONSequence, only(g i_s; considered in the optimization
[17]: (2) 3D view, (bl zoom on the ridge and cavity parts, and (c) top vi  procedure. The feed points towardiscenter of the delay lens,
the feeds along the | zal curv . The electric field flow in the transversal to ensure a suitable illumination. The feed horn aperture is
is illustrated Qi bIuGauay’s in Fig. 1b. equal tos & wlhe inner lens contourt) and the ridge height
profile (0Q) (Fig. 1b) are defined here by the following
qtafiguraticns display a residual side lobe imbalance, whigiolynomial expressions
a, vea:..m2s an inherent limitation of the considered elliptical
priilet, derved from a simplified bifocal constrained lens TL Af;@; L, 1)
mot :1[19].
Al rnative delay lens profiles were investigated with th&nd;
aim to improve the pattern shape, and particularly reduce the . o
side lobe levels, while maintaining the benefits of the original D LAGMUF e Alg MU, @
design, namely its mechanical simplicity and high efficiency.
In this paper, shaped polynomial delay lens profiles (inner len . .
contour (R and ridge height profile @) are considered to Where T Uand 0 are the coordinates along the different

increase the control on both phase and amplitude distributiorr(]asference system axis, all normalized to the focal disteice

L, and M are theGUdegree coefficients, where Q G Q J

€

X
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defining the maximum degree of the polynomial functions

This formulation requires minor updates to the analytica 0 ; ; ; ; ;
model previously derived for elliptical profiles [12]. This DOEL oo oo i
approach, based on ray tracing, requires the knowledge of t
ORFDO WDQJHQWY WR DSSO\ 6QHC .
analytically for the differentiable functions considered here  015¢

Ok ....... ......... .......... ................. ....... .......
BElliptical profile

e B o lynomial profile = = 4

The outer lens contourN) is defined as a translation of the o2k | ==—Folynomial profile n = §

inner contour alongFaxis. In this theoretical approach, this o ; = ==Polynamial profile » = 10 ;
translation value is small in terms &f without real impact on 08 08 04 02 ooob2 menE e
the radiation performance. Using the lens symmetry witl

respect toFaxis, only even order coefficients are considered (@)

Those coefficients are optimization parameters for the bea

associated td(s As presented ifiL8], a differential evolution 025 , , . . —0 QN
(DE) metaheuristic algorithm{Z0], [21]) is used to optimize § : Elliptical{ ofile

the lens profiles. The latter are optimized for the feed locate L SR S o :i"l‘;;;i:'r;ﬁl‘f i

at (s the parameterC L1) Bbeing used as an additional sl o | et i’;mmialp.oﬁlm;m |

tuning parameter to enhance performance for any bea : . 5
radiated in the scanning range F U & ly?adjusting the = L. ] L
curvature of the focal arc. This approach is similar to the on ; § .
used on previous designs derived from the simplified bifoce R 4l L T
constrained lens modgl9]. : 5

A phase-only optimization is first conducted and, as _
described in [18] where only elliptical profiles were ¥
considered, the objective is to minimize the path length errol )
Azcomputed along the outer lens contod§)( defined as

~ Fig 3./ Coriuc. s0n vetween elliptical and polynomial shapes of the
AL (623F (6234 L r? (3) aslike F :amforier after phasmly optimization: (a) inner lens contc
Y, idge | righ! profile. Axis values are normalized to the focal dist&ce

The difference in electrical path length is defined between ar

ray coming from (s (Fig. 1) and a central ray chose’, <20 figurations, suitable values have been defined to minimize
reference, passing through the center of the eon the outcl;, the™ maximum RMS level over the entire scanning range
lens contour (\). “F U 4.Urke results obtained for n = 6 or 10 are almost
The root mean square of those errors serias as a Ggeintical, thus indicating that there is no benefit in increasing
function [18]. RMS values of the path fiengti, errorsiyrther the order of the polynomial functions.
QRUPDOL]JHG WR Wesus pBintihty 2@ WeK  Shapes of the inner lens contouRl) and of the ridge
plotted in Fig. 2, for different lens pfouc’s cisddifferenheight profile (Q ; are plotted and compared in Fig. 3 for the
beamformer types, defined with the si meddiameet sra various delay-lens configurations analyzed. The differences
All the configurations are identica; ‘witb . r &//&xpect for observed between optimized polynomial and elliptical shapes
the initial pillbox design proposed s Rounian[8], as the (Fig. 3a) are quite small but still significant in view of the
concept considers two conceyric ans < focal curve profilgsmS  error reduction observed. This is obviously the
In this case, the position ot ae circ lar focal curve, definingonsequence of the added degrees of freedom in the delay lens
the best scanning pasforniiaces, is proposed for thesign which could not be achieved using the approach
comparisons. As expliinec previcisly in the introduction, thisreviously considered ifi17].
approach is limited L« #phefcal pith length errors. This is The patterns radiated by the different GO models are
clearly shown heéie  witiigsonstant RMS value (blue curvglotted in Fig. 4a. Delay lenses with optimized elliptical
over the scaniing range considered. The parabolic profigofiles have a residual side lobe imbaland. (L Fsuat
approach fmgucise ciive) demonstrates one true focal paiif), which is problematic for multiple beam satellite
with phag2 aberratuns increasing strongly with the scanniggplications as this results in higher interference between

angle & _ _ beams. Optimized polynomial profiles demonstrate a lower
nmour ©ife, starting withd L v (purple curve)a and more balanced first side lobe level Fsz dB).
st staruaeduction of the phase aberrations is observed figferestingly, the radiation patterns are very similar for the

the “zam associated (@ (& L U Lur), when compared to three polynomial cases considered, indicating again that the
the | revious optimized elliptical profiles (orange curf].  further reduction of phase aberrations observed With x &r
Increasing the polynomial degree withL x'” srthe phase has limited benefit on the first side lobes. A comparison with
aberrations may be further reduced fég L U with sone HFSS[23] is also proposed in Fig. 4b for the lens model with
convergence observed which does not allow for a true focgl L sr. The HFSS model is composed of a PPW section
point (RMS = 0) as in the case of the Rotman lens (blagkosed by PML boundaries and excited by a single primary
curve) and bifocal constrained lens (green curve). Usifged at the focal point(s the objective is to be closer as

C L)1 B as an additional parameter for all thepossible to the GO numerical model assumptions as described
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Fig 4. Radiation patterns of the PPW beamforme’ irpl#ie forag L U a Fig 5. Radiation patterns of the PPW beamformer iplahe for & L U
the central frequencya) GO models, (b) G@.cantii 075 lend modiphase at the central frequencya) GO models, (b) GO continuous lensdel -
only optimization (validation with HFSS). “ly cc sider{gL st The pattern c_)ptlmization_(validation wi_th_ HFSS) only consideridd- st Th_e
polynomial profiles coefficients L2 ne followi polynomial profiles coefficients are the followil
LL Frf{{&Frav{@raxs@Frtssélac ir?a LL Frstdaiya#rdzrardzdérax{ar?and
ML FrayZrausaFrarsaran Fras ¢ ? ML Fr&t{dFrdrxaratvardrdravuaar?

in this paper. The pgiming reglord, the half power of J A good agreement between HFES] and the GO tool
beamwidth &, ,, and t' e fir.t side 'obe leveb . .equal 30°, is maintained using this optimization method, as demonstrated
6.7°, -18.2 dB and 2t 7, 6.¢ /, -16.9 dB respectively for tha Fig. 5b. A marginal improvement on the SLL is observed
GO model and ¥.rSS recn'C. Both sets of data are in excell@anging from 0.5 to 1 dB), indicating that the side lobes
agreement for | 2vels ¢f about 25 to 30 dB below the peatbalance is mostly driven by phase aberrations.

directivity, The numerical results presented in this section clearly

As m¢ ationechin previous publicatioffs8], the amplitude indicate the potential of the polynomial-shaped delay lens over
distributior hover Ny and consequently theéSLL may be the previously investigated elliptical-based lens designs. These
il oadmd by uwe distribution of rays. For this reason, a pattemesults are validated in the following section through the
bz :edpuitization is also investigated. The same constraimanufacturing and test of a prototype.
as' 1 [18] for a similar configuration B L ray &re
impli mented: &, 530 dcUr! ., L xawmaAd 5..<-18 dB [ll. POLYNOMIAL SHAPED DELAY LENSDESIGNAND
those valuedeing derived from the ideal bifocal constrained EXPERIMENTAL VALIDATION
lens mode[17]. Sev_eral optimizations are repeated to target g Design and Numerical Results
5..as low as possible. . s :

The optimized patterns are plotted in Fig. 5. This figur The delay-lens prototype d|sgussed In this section has been
shows that the results are very similar to those obtained Wz signed to work over the entire .up-_lmk Ka-band [2.7'5'31
the phase-only optimization procedure (Fig. 4a) for all value z] allocated t_o satellite communlcatlons; The lens dlgmeter

and the focal distance are equal & Ltrdand B L ray &



Transactions on Antennas and Propagation

Transversal cavity
Radiating Horn

—

~ Transversal ridge

Parallel pfalc waveguide

M& izi """""""""""

Parallel plate waveguide

Lens 1

" Lens 2 = Lens 1 after 180° rotation

Transversal ridge
Radiating Horn

- Transversal cavity

(b)

©

Fig 6.7 ‘Antenna system to provide a complete coverage of 22 beams
desired 3 dB crossver level. (a) 3D view of the final configuration with 1
superimposed lenses, (b) side view with Lens 2 identical to Lens 1, ¢

with a 180° rotation around, Rand (c) 180° rotation of the feed distributi
obtained between Lens 1 and Lens 2.

respectively, whered Lsrafnm is the wavelength in free

space at the lowest frequency of the operating band. The P
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Fig 7. H-plane normalized radiation patterns of the PPW beamforr
B L urGHz. (a) Lens 1 feeds #11 & L u swv)! #1 (& L s&v)! (b) Lens ;

+feeds #0 (& L tz&v)! #2 (& L vav)! GO model (continuous line) a
final FEM simulation (dotted line).

cavity height is equal to*ggpL t mm, as only the
fundamental TEM mode can propagate within the frequency
band considered. The outer lens contoli) (s defined as a
translation of 2 mm of the inner lens contoux)(along F
axis. The radiating horn length equals 30 mm, defined along
the local normal vector of the outer lens contoli)(with a
final height of 20 mm.

Eleven feeds are distributed on a circular focal curve (Fig.
6b) with angular positionsy ranging from -28.5° to 31.5°
with a uniform angular step of 6°. The feeds dimensions are
equal to 5o L y@wwx mm ang; 4 Sv mm. This
configuration provides patterns with a beamwidih, , L u?
while targeting minimum SLL, which requires an adequate
edge taper and hence a minimum feed aperture. To provide the
adequate cross-over level between adjacent beams (typically
lower larger than 3 dB below the peak directivity), an antenna
system made of two superimposed lenses is proposed, as
shown in Fig. 6a. Both lenses are identical and symmetrically
|glaced on both side of an axig KFig. 6b). This lens stack

Yovides 22 equally spaced beams with the desired cross-over
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@
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(b)

(b)

Fig 9. H-plane normalized radiation patterns of the PPW beamforr
B L urGHz. (a) Lens 1 feeds #11 & L u swv)! #1 (& L s&v)! (b) Lens ;
+ feeds #10 & L tzav)! #2 (& L v&v): Final FEM simulatior
(continuous line) and measurements (dotted line).

pointing at & L & L usw.! The polynomial coefficients
resulting from the optimization process are the following:
LL>Fratsya FrayvyaHRrard v at& x&nd
ML>FrawtyaFgaaaauara&ratuyar?. Then the
pamameter Cis tuned to achieve the best results over the
complete scanning range under consideration, leading to
CLsas.
© The numerical results obtained with the GO model for the
extreme and central beams associated to both lenses (Lens 1
and 2, Fig. 6) are plotted in Fig. 7a and 7b respectively. They
are compared to the HFSS results obtained with the final FEM
level. The feeds distributions of both lenses are detailed in Figesign where PEC boundaries are defined, as in the final
6c, illustrating clearly the way the 3° spacing between the Zototype. The choice to use metallic sidewalls in the
beams is achieved. This approach is similar to the ORfototype leads to a simpler design and assembly (no
proposed iff22]]for the first stack (level 1) of Rotman lensesabsorbing material required) but slightly degrades side lobes
where a 2D stack of Rotman lenses is arranged to producavgay from the main lobe.
hexagonal beam lattice. A first comparison is provided for the feed defined at
A pattern-based optimization, as presented in section I L usa\(Fg. 7a), where the accuracy of the GO model
has been implemented to achieve the desired performancgraél continuous line) is confirmed by the excellent agreement
the central frequencyB L ur GHz, for the extreme beamwith the FEM simulation (blue dotted line). The main beam

Fig 8. Antenna prototype. (a) 3D view, (b) Transversal blade part ai
transversal cavity part
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Fig 11. Measured realized gain (red curve) and simulated directivity
(a) curve) ofof the PPW beamformerfor feeds #1 @ L s&f) and #11 @ L
u i) over the entire Kalownlink frequency band ([27-31] GHz).

manufacturing of the simpler prototype with metallic walls on
the edges of the PPW section.

B. Experimental results

The antenna design described in the previous section has been
manufactured in bare aluminum. As a 180° rotational
symmetry is applied to obtain the final two-lens antenna
system (Fig. 6b), only one lens is manufactured and measured
in this experimental validation. The prototype is composed of
two blocks corresponding to the top and bottom parts of the
antenna as defined in Fig. 1a. These blocks are assembled by
means of screws, as shown in Fig. 8a. The transversal ridge
part (or transversal blade) is presented in Fig. 8b, where we
can recognize both the inner lenSkY and the ridge height
profiles (b), the transversal cavity bloc is shown in Fig. 8c.
() Each part has been manufactured using a conventional milling

process. The prototype has been measured using the far-field

Fig 10. Measured Hplane normated radiation patterns of the PI facility available at IETR. The main objective of the test

beamformer for the manufactured Lens(h) feed #11 & L uswy'and (b campaign was to evaluate the radiation pattern along the lens

feed #1 @ L sayat three frequencieB L ty&ai rand u sGHz. focusing plane T 1 Plane in Fig. 1a) to validate the numerical

L . tpol and the comparisons provided in Fig. 7.

?T:;%C;::nazni tgzl tHoPBI‘g ilvsoco?r)nlpouga: d Vé'ihgzh% (13°Oreznc:zclt:i$ele\ﬂ Comparisons between the final FEM simulation results and

The first sideqlobe Ieve.l e’ u.als 16 ana —’16.8 4B Ff)or botg{e measurements are reported in Fig. 9 for the extreme and

models. Some hiaher side ?obes are observea far awav fr entral beams of both lenses. An excellent agreement is
N 9 o e ) Y T¥ained along the scanning range and for power levels down

the main lobe region ([45.’ 6Q ). explained by the reflechopo 30 dB below the peak directivity. The agreement is

effects due to the metaliic side walls. Those effects rema);ained over the entire scanning range [-90° 90°] acquired

quite low, limited to power levels 20 dB below the peal&uri

N N - ) ng measurements (not shown here for readability and
glrr:(;tcl:zlc’% gli:voern tg; thcsrggl mt:)%aeﬁela cs:oarlmilgﬁs?l?rzé)trsesti revity reasons). For the extreme feed #11 of Lens 1 (Fig. 9a),
in good accordance with the FEM simulation (orange dott e main beam directions equal 31.3° and 31.2° respectively

. ) N \ h r the FEM simulation and the measurements. The HPBW
line). The main beam direction and HPBW are identical (1.5 2, obtained are identical while the SLL are equal to -16.8

2.6°) while the side lobe level equafss ydB and -17.5 dB, ) : :
respectively for the GO tool and the FEM simulation. Thgnnedpoli(ri.t?nginrglzp?—?g\éw.aﬁgrstrf é;gl?;rlal fseoedz zg EE?S%{E
?eaans as;ocléz_atedG to feedsl #tttl%(_ tIZ:.a)N;E)Z I&% L Vz.i)’vlland 1.3°, 2.6°, -16.7 dB respectively for the FEM simulation
Ot: ens(,j : I(: '9'7 ? a[e p‘i ?h 'go Ig.d Hﬁsé pre\ﬂous ¥ind the measurements. The comparison given for the second
observe (|jn 9. ra ort er|l|§ h € id a}nb | Iresu S afﬁéﬂs (feeds #10 and #2) in Fig. 9b also confirms further the
Very good agreement. HIgher side 10be 1eVels aré alxg qient agreement observed between simulation and
observed for the extreme feed #10, explained by the metal easurement

S'dl.% ;{valls mplergezted, l‘_’:"thOUt trr]’najor |m[:|)tact on tthe The radiation patterns measured in H-plane at lower (27.5
validation proposed here. Hence, these results suppor @ﬁz), central (30 GHz) and upper (31 GHz) frequencies are
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Fig. 13. Measured Hlane normalized radiation patterns of the final F
beamformer design aB L u rGHz for all the feeds (continuous line) and
(@) the same beamforer considering the 180° rotation arBuifdash line).

they are in line with the measured radiation efficiency. Mutual
coupling coefficients measured between those feeds are
limited to -22 dB (Fig. 12b). For readability and brevity
purposes, the measured reflection and mutual coupling
coefficients associated to the other feeds are not presented
here, but are also maintained respectively below -19 2
dB.

The complete coverage with the 22 measured beams is
shown in Fig. 13. The patterns obtainedBatL u rGHz with
the considered lens (continuous blue line) have been combined
with the ones obtained after mirroring along axis & shown
in Fig. 6a. As observed, a -3 dB cross-over level is obtained
while maintaining low side lobe levels over the entire
scanning range ([-31.5° 31.5°)).

IV. CONCLUSION

This paper described a continuous PPW delay lens with
(b) polynomial inner/outer lens contours and ridge height profile.
A dedicated analytical model, based on ray tracing, was
Fig 12. Measured $arameters of thBPWbeamformer_over the entire K updated to take into account such profiles and compared with
dowrrlink frequency bad ([27.531] GHz), (a) reflection and (b) mut  hreviqusly reported beamformers. The numerical results
coupling coefficients. . . . .
confirm the potential of the proposed profiles with RMS

reported in Fig. 10 for the extremey(L us &vahd central values of normalized path length errors very similar to those
(& L uséawdeams. This figure confirms that the radiatiorPf simplified constrained lens models over a large scanning
properties (pointing angle, HPBW and SLL) are preservé@nge ([-30° 30°]). The corresponding radiated patterns
along the frequency band. The HPBW measured equal 3.3°,@esent reduced and more balanced side lobe levels, when
and 2.9°, 2.6° at both lower and upper frequenciegpmpared to the previously introduced solution using elliptical
respectively for feed #11 and feed #1. contour and profile for the delay-lens shape.

The measured realized gain values are compared to theAn experimental validation has been proposed over the
directivity computed with the FEM simulatifi@3]Jin Fig. 11 down-link Ka-band (27.5-31 GHz), confirming the properties
for the extreme & L usaw°) and centrak (L s &w°) feedsin scanning offered by the concept. Excellent beam
Low scanning loss is expected at the central frequen®grformance (HPBW, SLL) are obtained over a wide angular
B L urGHz, where the computed directivities equal 26 dange [-31.5°, 31.5°, including low scanning loss and high
and 25.3 dB respectively for feeds #1 and #11. This has bd@diation stability within the overall frequency band. High
confirmed with measured realized gain values equal to 2g&diation efficiencies are demonstrated with this fully metallic
dB for feed #1, corresponding to a radiation efficienc§l€sign, particularly suitable for space applications. The
R L{waw %, and 25.2 @L{yay %) for feed #11. Themechanical simplicity offered by the concept is also quite
measured input reflection coefficients are better than -19 difractive to propose low-cost multi-beam satellite platforms.
for feeds #1, #2, #6, #7, #10 and #11, as shown in Fig. 12a;
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Future investigations on this concept will include effort§l7] F. Doucet, N.J.G. Fonseca, E. Girard, H. Legay, and R. Sauleau,

i i ich i i *$QDO\WLFDO PRGHO DQG VWXG\ RI FRQWLQXF
for height reduction, which is of interest when a stack of such | = <> '/ 5% oWl S oH IEEETRNG Ot EsPBRagOl.

beamformers is needed to produce a planar array antenna. gg no. 9, pp. 4426-4436, Aug. 2018.
Alternative radiation properties, such as shaped or defocuseg} r. poucet, N.J.G. Fonseca, E. Girard, H. Legay, and R. Sauleau,

patterns need also to be further investigated. 3& RPSDULVRQ Rl RSWLPL]IDWLRQ SURFHGXUHYV
SDUDOOHO SODWH ZDYHJXLGH Mm@ LGOH EHDI
Eur. Conf. Antennas Propag. (EUCAP), London, United Kindom, pp. 1-
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