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Abstract

Metasurfaces constitute a class of thin metamaterials, able to support surface wave propagation. In their simpler
configuration, they are constituted by sub-wavelength size patches printed on thin grounded or ungrounded dielectric
substrates. By averaging the tangential fields, the metasurfaces may be characterized by homogenised isotropic or
anisotropic boundary conditions (b.c.). These b.c. can be synthesized by homogeneous equivalent impedance. If the
impedance is spatially uniform, it supports surface-wave propagation with planar wavefront. The impedance can be
spatially modulated by locally changing the sizes/orientation of the local printed elements; this imposes a deformation
of the wavefront which addresses the local wavector along not-rectilinear paths. In fact, the modulated anisotropic
impedance imposes a local modification of the dispersion equation and, at constant operating frequency, of the local
wavevector. The general effects of metasurface-modulation are similar to those obtained by transformation optics (TO)
in volumetric inhomogeneous metamaterials, namely re-addressing the propagation path of an incident wave.
Alternatively, periodic modulation can transform surface waves to leaky waves thus leading to an antenna with a
possible shaped beam.

1. Introduction

Metasurfaces (MTS) are thin metamaterials constituted by an arrangement of printed elements whose dimensions
are smaller than the free space wavelength (Fig. 1). The technology of MTS is quite simple and the relevant advanced
applications are mostly based on quasi-analytical design. MTS may be distinguished as penetrable and impenetrable. A
penetrable metasurface (sometimes called metafilm) consists of a planar distribution of small periodic scatterers in a
very thin host medium. Its effective properties can be studied by applying generalized sheet transition conditions [1], [2]
which allow one to characterize a metasurface in terms of an unambiguous anisotropic sheet impedance tensor.
Impenetrable metasurfaces, which are those treated in this paper, are realized at microwave frequencies through a dense
periodic texture of small elements printed on a grounded slab. By averaging the tangential field, a metasurface can be
macroscopically described through impedance boundary conditions. This leads to the definition of a “surface impedance
tensor”, which links the average tangential electric field to the average tangential magnetic field. When the shape of the
elements is regular enough (Fig. 1 a), the impedance tensor becomes a scalar quantities and the effect of the boundary
condition is isotropic with respect to both the direction of the incident field and the direction of the surface-wave
propagation. When the shape contains additional features, like slots, grooves or cuts, the impedance is anisotropic; the
anisotropy can be controlled well for element with a single axis of symmetry (see Fig. 1b).
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Fig. 1 MTS at microwave frequencies consisting of small patches with variable sizes printed on a grounded slab; (a)
isotropic MTS formed by square or circular patches with variable dimensions (b) anisotropic MTS formed by circular
patches with slots or cuts inside. The patches are positioned at the centre of the unit cell, whose size is assumed uniform
Control of waves can be achieved by MTS modulation; namely, modulating (statically or dynamically) the dimensions
of the constituent elements along the surface. The MTS modulation can be distinguished into three objectives:

i.  MTS Modulation for transforming the transmission/ reflection wave-front [3]-[5]
ii.  MTS Modulation for transforming the wavefront of surface-wave/plasmonic-wave [6]-[12]
iti.  MTS Modulation for transforming surface-wave into leaky-waves [13], [15]



Objective i is schematized in Fig. 2 with reference to the case of a beam deflection after transmission through a MTS. In
the same figure, objectives ii and iii are also exemplified: a point source placed on a MTS lens launches a cylindrical
surface wave which eventually becomes a plane wave at the beginning of a periodically modulated MTS. The MTS
modulation transform the planar-wavefront SW it into a leaky wave (iii). In the following subsections, the three cases
will be analyzed.

Fig. 2 Three main application of MTS: (i) anomalous transmission, (ii) surface-wave wavefront (curvilinear ray-path)
control; (iii) SW to LW transformation.

2. Modulated MTS for Transforming transmitted or Reflected Wavefront

The objective i is very popular nowadays in light-wave applications; the Capasso’s group [3] have
demonstrated that intensity, phase, and polarization of light rays can be changed using a hologram-like design decorated
with nanoscale subwalength elements. Several devices can be conceived using this concept, like MTS with a constant
interfacial phase gradient that deflect light into arbitrary directions; MTS with anisotropic optical responses that create
light beams of arbitrary polarization over a wide wavelength range; planar MTS lenses that generate nondiffracting
Bessel beams or waves with spiral phase. Microwave version of the above concept has been presented in the papers by
Grbic [4] and Eleftheriades [5] which formalized the concept through the use of the equivalence theorem. In the above
papers, the design goal is designing local subwavelength scatterers which, subjected to an assigned incident wavefront,
synthesize those equivalent currents necessary to form a predefined transmitted wavefront.

The modulation of the wavefront can be also used for shaping the phasefront of a reflected waves. In this case the
reflector becomes very similar to a reflectarray, except for the fact that the elements are subresonant. This technique
may be useful for improving performance of shaped reflector surfaces in contoured beam space applications [16] (Fig.
2). Infact, it is quite difficult to illuminate two regions of Earth from the same reflector using two feeds, unless the two
regions have nearly the same shape. Furthermore, demanding requirements on the radiation pattern may lead, after a
physical optics (PO)-based synthesis, to rather large deformations (bumps) of the reflector, which may cast shadows on
the reflector surface when seen from the feed. These impairments can be overcome by properly modulating the surface
impedance of the reflector. The use of an anisotropic impedance could also improve the antenna performances in terms
of cross-polar component of the radia

ted field.

Fig. 3 modulated MTS printed on a shaped reflector for earth coverage



3. Modulated MTS for transforming surface-waves Wavefront

Control of surface wave wavefront identifies ultra-thin microwave devices based on surface-waves, like for
instance Luneburg, Rotman, Eaton, and Maxwell’s fish-eye flat lenses [8],[9],[11],[12]. A solution at terahertz and
infrared frequencies is obtained in [10] by using surface plasmon polaritons on a graphene monoatomic layer, where the
graphene conductivity is tuned by using static electric fields. Modulating the impedance boundary conditions, leads to
addressing surface waves along local curvilinear paths. The impedance modulation, obtained by changing the sizes of
the local patches, imposes a local modification of the dispersion equation and, at constant operating frequency, of the
local wavevector. In [7], this phenomenon is synthetically referred to as “metasurfing”. The general effects of
metasurface-modulation are similar to those obtained by transformation optics (TO) [17] in volumetric inhomogeneous
metamaterials. TO is a general framework for solving inverse scattering problems based on simulating spatial
coordinate transformations with distributions of metamaterial properties. The most famous use of TO is concerned with
invisibility cloaks [18, and references therein].
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Fig.4 Example of curved-wavefront SW supported by an impedance modulation. (a) diverging wavefront, (b) converging wavefront.

The modulation of the wave vector obtained through the change of size of the subwavength printed elements
produces a change of the phase velocity and propagation path of the SW supported by the metasurface. A simple
example is illustrated in Fig. 4. Fig. 4a shows a MTS consisting of a uniform rectangular lattice of printed square
patches modulated in size along x, with smaller sizes toward the centre and larger sizes toward the side. Assume that
this MTS is excited at a certain section y = y, with a TM surface plane wave by a congruence of parallel equi-length
wavevectors. As the wave progresses along y, the larger value of reactance imposes a local decrease of ; at the centre
and increase at the periphery. Correspondingly, the local phase velocity decreases at the periphery and increases at the
centre, thus producing a diverging wavefront. This forces the wavevector to modify its direction, so as to maintain its
amplitude consistent with the dispersion equation of the local reactance value. The opposite occurs when the patches are
larger at the centre and smaller at the periphery (Fig. Errore. L'origine riferimento non ¢é stata trovata.b). The
congruence of rays forms, in this case, a converging wavefront that may focus the field in a point.

As mentioned, this phenomenon can be exploited to construct surface wave lenses. An example of Maxwell’s fish-
eye lens is shown in Fig. 5.

Fig.5 Example of a Maxwell’s fish eye lens.



4. Modulated MTS for transforming surface-waves in Leaky waves

P When a periodic modulation of MTS is designed in a direction of propagation, a surface wave may radiate by Bragg
effects. This means that the surface wave excited on the modulated MTS undergoes a transformation into a leaky wave.
This approach is gaining success in ultrathin antennas with single point-source feeding [13][14]. For their light weight,
these antennas find applications in space satellite shaped-beam communication and data-downloading.

A first design of the antenna impedance modulation can be obtained from the interference between the aperture phase
associated to the desired radiation pattern and the surface wave phase distribution generated by the feeder on the
average impedance.
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Fig.6 modulated metasurface antenna with isoflux shaping; (a) probe feeding and MTS layout; (b) measured radiation pattern (blue
line) compared with simulations (red line).

When the SW interact with the so obtained modulated impedance, a leakage occurs which reconstruct the desired
radiation pattern. Moreover, designing an appropriate tensorial impedance surfaces, leads to a desired polarization of
the aperture field. Metasurface antennas can be excellent candidates for space applications. Indeed, they can be
manufactured by means of low-cost technologies, and they exhibit extremely low mass, flatness, and low profile.
Furthermore, they can be excited by simple embedded feeding points. All of these characteristics match very well the
usual requirements for space antennas, and renders MTS antennas competitive with reflectors.

An example of isoflux-pattern MTS antenna for data satellite link is shown in Fig. 6 [15]. An isoflux pattern provides a
uniform power flux density over a defined portion of the visible Earth surface by compensating with different radiated
density power the different path loss. This is a very common requirement for data transmission antennas on satellite
platform for Earth observation missions. In a first approximation, one can think of an isoflux pattern as a conical beam
with a certain level of gain at the broadside. A conical isoflux-shaped beam can be easily obtained by exploiting the
interaction of a cylindrical surface wave and an azimuthally symmetric impedance modulation. The antenna surface can
be viewed as composed of radial sectors, each radiating a circularly polarized field toward an off-axis angle around 60
degrees. A small patch at the centre is useful to adjust the gain level at broadside, realizes the impedance match with the
feeding system and increase the efficiency of power launched in the surface wave. The X-band prototype in Fig. 6 is an
extremely flat and light antenna (thickness around 1.6 mm, weight less than 1Kg) with a diameter of about 60cm, which
has been built with the same PCB process used for standard printed circuit. The surface is constructed by anisotropic
elements to obtain a circular polarization.

5. Conclusions
In this short paper, we have illustrated three different phenomena and relevant applications in which the use of
Metasurface leads to innovative engineering solutions. Several additional examples will be shown during the oral
presentation.

6. Acknowledgement

This research has been financed European Space Agency ESA-ESTEC, Noordwijk under the contracts AO/I
7069/12/NL/MH, “Scalable low-mass low-envelope high to-very-high gain antenna”, 4000106924/NL/GLC/fe “Shared
Aperture Reflector Antenna”, and AO/1-7507/13/NL/MH “Beam Shaping by Surface Impedance Control”, and by the
U.S. Army Research Laboratory (ARL) through USAIT-CA under the contract W91 1NF-13-1-0454.



7. References

1. Holloway CL, Dienstfrey A, Kuester EF, O'Hara JF, Azad AK, Taylor AJ “A discussion on the interpretation and
characterization of metafilms/metasurfaces: The two dimensional equivalent of metamaterials”. Metamaterials
3:100-112, 2009

2. Holloway C L, Kuester EF, Gordon JA , O’Hara J, Booth J, and Smith DR, “An Overview of the Theory and
Applications of Metasurfaces: The Two-Dimensional Equivalents of Metamaterials”. IEEE Antenn Propag M 54,
(2): 10-35, 2012

3. N. Yu, P Genevet, F Aieta, M. A. Kats, R Blanchard, G Aoust, J-P Tetienne, Z. Gaburro, and F. Capasso “Flat
Optics: Controlling Wavefronts With Optical Antenna Metasurfaces,” IEEE Journal of Selected Topics in Quantum
Electronics, vol. 19, no. 3, May/June 2013

4. C Pfeiffer, A Grbic “Metamaterial huygens’ surfaces: Tailoring wave fronts with reflectionless sheets,” Physical
review letters,Vol. 110, n. 19, 2013

5. M Selvanayagam, G V. Eleftheriades “Discontinuous electromagnetic fields using orthogonal electric and magnetic
currents for wavefront Manipulation,” Optics Express, Vol. 21, No. 12, 17 June 2013

6. E. Martini, S. Maci, “Metasurface Transformation Theory,” in Transformation Electromagnetics and Metamaterials:
Fundamental Principles and Applications, eds. Douglas. H. Werner e Do-Hoon Kwon, Springer, May 2014.

7. S. Maci, G. Minatti, M. Casaletti, M. Bosiljevac (2011) Metasurfing: addressing waves on impenetrable
metasurfaces, IEEE Antenn Wirel Pr 10:1499 — 1502

8. 0. Quevedo-Teruel, W. Tang, R.C. Mitchell-Thomas, A. Dyke, H. Dyke, L. Zhang, S. Haq, Y. Hao,
“Transformation optics for antennas: why limit the bandwidth with metamaterials?” Sci. Rep. May 28 2013.

9. R Yang, Y Hao “An accurate control of the surface wave using transformation optics. Opt Express” 20(9) 9341-
9350, 2012

10. A. Vakil and N. Engheta, “Transformation Optics Using Graphene” Science 10: 332 (6035), 1291-1294. June 2011

11.M Bosiljevac, M Casaletti, F Caminita, Z Sipus, S MaciNon-uniform metasurface Luneburg lens antenna design.
IEEE T Antenn Propagat 60(9):4065-4073, 2011

12. C. Pfeiffer, A. Grbic “A printed, broadband Luneburg lens antenna”. IEEE Trans on Antennas Propagat 58(9):
3055-3059, 2010

13. G. Minatti, F. Caminita, M. Casaletti, S. Maci, “Spiral leaky-wave antennas based on modulated surface impedance.
IEEE Trans on Antennas Propagat, Vol 59 n. 12, pp 4436-4444, 2011

14. Fong BH, Colburn JS, Ottusch JJ, Visher JL, Sievenpiper DF, Scalar and tensor holographic artificial impedance
surfaces. [IEEE T Antenn Popag 58(10): 3212 —322. 2010

15.G Minatti, S Maci, P De Vita, A Freni, M Sabbadini (2012) A circularly-polarized isoflux antenna based on
anisotropic metasurface. IEEE Trans Antenn Propag 60 (12)

16.M. jr. Mencagli, S.B. Serensen, E. Martini, C. Cappellin, R. Jorgensen, M. Zhou, M. Sabbadini, S. Maci,
“Metasurface approach for contoured beam reflectors”, EuCAP 2014, The Hague, Netherlanfids, April 2014.

17. Pendry JB, Schurig D, Smith DR, Controlling Electromagnetic field. Science 312(5781): 1780-1782, 2006
18. Yaghjian A, Maci S, Alternative derivation of electromagnetic cloaks and concentrators. New J Phys 10: 1-29, 2008




<<
  /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


