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Abstract— In this paper we discuss several geometric shapes
for realizing anisotropic boundary conditions with small patches
printed on a dielectric slab. Each patch shape has been analysed
by using a spectral periodic MoM code. Relevant parametric
impedance maps are obtained and discussed in the optic of
reconstruction of anisotropic boundary conditions.

I. INTRODUCTION

The configuration of surface or guided wavefields can be
transformed into a different one with desirable properties by
interaction with an impedance surface. This wavefield
transformation is generally referred to as metasurfing whereas
the surface that implements the surface impedance is referred
to as metasurface [1]. A metasurface is a thin metamaterial
layer that is generally, but not necessarily, synthesized by a
dense texture of small printed patches. In the most common
configuration, patches are arranged in a regular Cartesian grid
on the surface of a grounded dielectric slab. The pattern
realized by the patch texture can synthesize inhomogeneous
impedance boundary conditions allowing a local modification
of the dispersion equation and of the local wave vector. Also,
depending on the shape of the patch, a metasurface can
synthesize isotropic or anisotropic impedance boundary
conditions. These latter are suitable to realize polarised
metasurfaces. The feasibility of the previous concepts has
been demonstrated in some recent journal papers ([2]-[3]) and
the scientific interest on this subject has been proved by prizes
awarded to several conference papers written by our research

group ([4]-[6]).

In this paper we analyse several patch shapes suitable to
implement anisotropic boundary conditions for anisotropic
metasurfing. For each patch shape, we provide the relevant
impedance plane maps that describe the dependence of
impedance tensor of each patch with respect to their
geometrical parameters. The analysis is carried out by
adopting a spectral periodic Method of Moment (MoM)
approach. Our code analyses the electromagnetic behaviour of
the patch embedded on a FSS-like lattice. Our goal is to
estimate the ratio between the electric field and the magnetic
field components tangential to the surface (namely the surface
impedance) of a surface wave (SW) mode. In practical
applications, the synthesis of the metasurface impedance

pattern could require that each patch has different geometry
and size. However, generally these quantities are slowly
varying from a patch to the adjacent one therefore our analysis
is valid from practical applications.

The paper is structured as follow. In section II the spectral
periodic MoM code adopted for the analysis is introduced.
The following section III discusses the parameter impedance
map for several patch geometries in the framework of
anisotropic impedance realization. Finally, conclusions are
drawn in the last section of the paper.

II. SPECTRAL PERIODIC MOM ANALYSIS

To evaluate the impedance tensor of a given patch, the
latter is assumed as embedded in a periodic FSS-like
Cartesian lattice and a periodic MoM analysis is carried out
for a limited but sufficiently dense sampling of the parameter
space (area and orientation of the patch). For the periodic
structure, a pair of TE/TM (with respect to the normal to the
surface) transmission-lines are defined and associated to the
dominant Floquet mode. The transmission lines are connected
with a two-port network representing the FSS surface (Fig. 1).
Finally, the dispersion equation for a given shape of the patch
geometry is obtained by transverse resonance of the network
making use of a pole-zero representation of the FSS network

to accelerate the process.
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Fig. 1. Transverse transmission line model (a) for a texture (b) of patches of
different shapes. The TE, and TM, transmission-lines for the dominant
Floquet mode are coupled by a parallel admittance representing the texture of
patches.
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IIT. PARAMETER-PLANE MAP FOR A GIVEN PATCH GEOMETRY

Here we refer to anisotropic boundary conditions with the
impedance dyad written in matrix form, in terms of its
cylindrical components along the unit vectors p and ¢, as

X Z
£=|: pr §¢i| (1)
wo S

In absence of losses the impedance matrix Z is anti-

Hermitian, namely Z = —Z*T, where apex T denotes transpose.

In the following, we show some example of parameter
planes relevant to the patch geometries investigated (Fig. 2).
All of the examples are evaluated for a periodic square cell
with side a @’ = A/13 on a dielectric slab with ¢.= 13 and
thickness 4 = A/23. The parameter planes are evaluated with
respect to a reference value of average reactance X=0.8C
(=377Q2), excepted where otherwise indicated.

The colored maps in the following figures show the desired
quantities X,, - X;, X,, - X; and Z,, as functions of both the
normalized diameter a/a’ and of the angle y that the reference
(symmetry) axis of the patch forms with respect to the
propagation direction of the SW.

(@ (b) © (d

Fig. 2. Patch geometries for anisotropic impedance surface. Each patch
geometry (a)-(b) possesses two specific non-dimensional parameters a/a” and
y used to construct reactance maps. The arrow denotes the direction of SW.

A. Ellipse Patch

Fig. 3 shows the reactance maps of X, - X, X, - X; and X,,,
(imaginary part of Z,,) respectively for the ellipse patch. For
the X, - X, map, the value of X, has been set to X;=1.2(. The

incidence direction of the SW is taken along the abscissae axis.

The impedance tensor associated to the ellipse shaped patch
has purely imaginary components, but the cross-polarisation
effect that it can induce on a TM, SW mode is weak, as one
can see from the maximum value present in the X, map.
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Fig. 3. Parameter Plane Map for the ellipse shaped patch. Map (a) is presented

with respect to a reference value of X; = 0.8(., while map (b) is with respect to
a reference value X, = 1.2¢.

B. Notched Circular Patch

The geometry is the one depicted in Fig. 2b. The main
peculiarity of this geometry is constituted by the real part in
the cross-polar terms (Fig. 4b). The first SW mode
propagating on the surface has a dominant radial electric field
component. Due to the real and imaginary parts of Z,,, the SW
electric field has also phi-components in phase quadrature.
This response is different from what we have with the other
geometries. Indeed, since Z,, has only the imaginary part, the
SW electric field acquires only a @-component which is in
phase with the p-component. The notched circular patch
geometry is therefore unsuited to obtain circularly polarized
metasurfaces as done in in [3].
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Fig. 4. Parameter plane map for notched circular patch, (a) imaginary and (b)
real part of Z,,.

C. Square Slotted Patch

The geometry of the patch is the one depicted Fig. 2¢ and it
is the one used in [3] to produce a circularly polarized
squinted pencil beam. Basically, the slot cut in the square
patch can produce a good cross-polarized component on the
electric field of the TM, SW mode. However, the dependence
of the reactance on the parameters w and a/a’ is not very
smooth, making its practical use somewhat complicated.
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Fig. 5. Parameter plane map for square slotted patch. Maps (a) and (b) are
presented with respect to a reference value of X, = 0.8C.

D. Screw Head Patch

The parameter planes for the screw-head patch (SHP) (Fig.
2d) are shown in this section. The colored maps in Fig. 6 show
the desired quantities X, - X, X,, - X, and X, as functions of
both the normalized diameter a/a’ and of the angle y that the
slot of the SHP makes with respect to the propagation
direction of the SW. We note that, for the SHP element, the
reactance maps depends very weakly on the direction of
propagation with respect to the Cartesian lattice, while it
depends strongly on the angle between the direction of
propagation and the slot. This allows a strong simplification in
generating the map. Furthermore, the map of X, - X, can be
obtained from the map X,, - X; by a rotation of 90°, as
expected from symmetry.
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Fig. 6. Parameter plane map for the screw-head patch. Maps (a) and (b) are
presented with respect to a reference value of X, = 0.8C.

IV. CONCLUSION

We discussed the parametric plane maps of the impedance
tensors associated to several patch geometries suitable for
anisotropic metasurfing. Patches are sub-resonant and the
maps can be associated to an infinite dense texture of patches
on a regular Cartesian grid with small lattice size (~A/10),
excited by a surface wave mode. Each map indeed has been
obtained using a spectral periodic MoM code. In the full-wave
analysis, for a given surface wave incidence direction, we
rotate the patch and change its size to obtain the ratio between
the tangential electric and magnetic fields of the incident
surface wave. The ratio is namely the surface reactance and it

is expressed in a tensor form due to the anisotropic patch
response to the surface wave excitation. The maps are suitable
for the synthesis of anisotropic boundary conditions through
the use of metasurfaces.

REFERENCES

[1] Maci, S; Minatti, G.; Casaletti, M.; Bosiljevac, M.; "Metasurfing:
Addressing Waves on Metasurfaces", [EEE Antennas and Wireless
Propagation Letters, vol.10, no., pp.1499-1502, 2011.

[2] B. Fong, J. Colburn, J. Ottusch, J. Visher, and D. Sievenpiper, "Scalar
and Tensor Holographic Artificial Impedance Surfaces," Antennas and
Propagation, IRE Transactions on, vol. 58, no. 10, pp. 3212-3221,
October 2010.

[3] G. Minatti, S. Maci, P. De Vita, A. Freni, M. Sabbadini, "A Circularly-
Polarized Isoflux Antenna based on Anisotropic Metasurface",
Antennas and Propagation, IEEE Transactions on, vol.60, no.11,
pp-4998-5009, November 2012..

[4] Minatti, G.; Casaletti, M.; Caminita, F.; De Vita, P.; Maci, S.; , "Planar
antennas based on surface-to-leaky wave transformation," Antennas
and Propagation (EUCAP), Proceedings of the 5th European
Conference on , vol., no., pp.1915-1918, 11-15 April 2011. Awarded as
the paper that best advances the state-of-the-art in antenna theory.

[5] G. Minatti, F. Caminita, P. De Vita, F. De Vita, M. Sabbadini, A. Freni,
S. Maci, "A Holographic Isoflux Antenna Prototype for Satellite
Applications", ESA Workshop on Challenges for Space Antenna
Systems, October 18-21, 201 1. This paper won the innovation award in
antenna theory.

[6] G. Minatti, S. Maci, P. De Vita, A. Freni, M. Sabbadini, "A
Metasurface Antenna for Space Application", ISAP 2012 International
Symposium on Antennas and Propagation, October 29 - November 2,
2012. This paper was awarded in the Student Paper Contest.

663




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



