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Abstract- This work focuses on the properties of a long slot array fed by a finite 
number of periodically located feeds spaced at “Nyquist” interval. In particular it 
addresses two key design aspects that were neglected in the original Green’s 
Functions (GF) derivations: a) the end effects of the finite length slots, and b) the 
dielectric loading of a multi-layer radome to improve the array’s front to back 
ratio. Numerical details and recent findings will be presented. 

 
1. Introduction 

In [1] an innovative wide band antenna structure composed of an array of 
long slots periodically fed at “Nyquist” interval (Fig. 1) has been reported. A 
prototype test array was manufactured and tested, showing its potential for multi-
function radar applications. The potential lies in the fact that the observed band-
width is extremely large and the polarization purity appears to be outstanding with 
respect to other standard wide band radiators. The principle of long slot array is 
similar to the concept of a “connected” dipole array, which was discussed in [2] 
and [3]. In [4] the theoretical derivation of the Green's function was presented for 
the simplest long slot configuration: an infinite long slot array in free space. In 
this presentation, the Green’s function analysis is extended to cover important 
details of the design such as the edge effects of a finite array and dielectric 
loading of a multi-layer radome.   

Here we present the final analytical expression for the magnetic currents 
over the long slots embedded in the (aperture) ground plane, assuming an 
infinitely extended array. Then the (end) effects of the finite number of feed 
points are discussed concerning its significant impact on the matching properties 
of the array structure. As in [4], this analytic study provides a direct solution in 
the form of the GF of the array structure.  
 
2. Magnetic Current in Infinite Array Configuration. 

The geometry under investigation consists of an infinite set of infinitely 
extended (x-oriented) slots which are etched out in a ground plane between two 
different half spaces, with each side loaded by different infinite planar 
stratifications, an example being the multilayered radome in Fig.1. The long slots 
are uniform along the x-direction, centered at yn =ny dy. The cross section width of 
each slot is ws and it is small in terms of a wavelength at the maximum frequency 
of interest. Each of the slots is excited by an array of y-oriented electric current 
elements of the same length of ws, periodically located at xn=ndx. Each of these δ 
sources is assumed to have finite width t. 
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Figure 1. Geometry of the infinite long slot array,  excited at “Nyquist”  interval  in the presence 

of a dielectric stratification (multi-layer radome). 
 

Generalized to the case with stratified dielectric loading, as presented in 
[4], the equivalent magnetic current distribution associated with the long slots can 
be assumed to be perfectly polarized along x, m=mx. One can also assume that the 
currents are characterized by a separable space-dependence with respect to x and 
y; i.e, the magnetic currents are represented as            (1) 

                         
with                                                                                                                  (2)             

   
where the y component is periodic and the excitation is uniform in amplitude and 
progressive in phase. Finally the transverse y-dependence, mt, of the magnetic 
current in each slot is required to satisfy the quasi-static edge-singularities. The 
result is that it is possible to derive analytically the expression for v0, the magnetic 
current in the zero-th cell, leading to an explicit spatial expression       (3)    

                      
where Mt is the Fourier transform of the magnetic current mt while Gxx is the 
Fourier transform of the superposition of two Green’s functions representing the 
x- oriented magnetic field radiated into the half space above and below the ground 
plane (z=0±) by an elementary x- oriented delta magnetic current source. 

The present formulation is general enough to treat all geometrical 
configurations including the case with a backing reflector and configurations in 
which multiple layers of decreasing dielectric constants are used to cover the 
array. This latter structure is particularly useful as it allows the design of a long 
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slot array using printed circuit board technology to achieve good front-to-back 
ratios and low active impedances for each feed point.  
 
3. Magnetic Current in Finite Array Configuration 

The magnetic current given in (4) was derived by using infinite array 
hypothesis; however, all practical arrays are finite in dimensions. The impact of 
the edge effects is especially important for configurations designed for large 
bandwidth. The edge effects in the present structures are expectedly non-
symmetric in the x and y directions (parallel and orthogonal to the slots 
respectively). 

The truncation effects associated with a finite number of slots are very 
similar to those found in standard finite arrays [5]. Edge waves present cylindrical 
spreading, i.e. they decay proportionally to ρ−1/2, with ρ being the distance 
between a scattering point in the edge of the array and the observation point inside 
the array. A numerical tool is needed in order to quantify these effects. However, 
having a finite number of sources in each infinitely long slot does not alter the 
spectral formalism, so the GF spectrum of the long slot array fed by a finite 
number of feed elements in each slot remains the same analytically. Accordingly, 
by replacing the spectral summation in mx with an integral inverse Fourier 
transform, the x dependence of the voltage distributions on each slot of infinite 
length  slot can be obtained as       
      (4) 

                                            
The denominator in (5) represents the same spectral summation in my that appears 
in (4), if the array is composed of an infinite number of periodically phased slots, 
while the new numerator Ie represents the Fourier transform of the excitation law 
in x. In the case of a single long slot D(kx) was derived and given in [6]. Figure 2 
presents, as an example, the voltage distribution on a single slot in free space with 
20 feed elements spaced at dx=0.5 λ, each one being excited with unitary electric 
current (1A, 50V) ? to form a beam in broadside direction. The gap of the slot is 
ws=0.1 λ,  while the width of the feed element (current source) is t=0.1 λ. The 
example considered here has a finite number of feeds but the slot is assumed to be 
infinitely long. The finite array solution oscillates around that of an infinite array. 
In particular the real part of the voltage oscillates around 50 Volts. These 
oscillations exhibit a period equal to the wavelength and the peaks do not coincide 
with the locations of the feed points along the linear array. These oscillations are 
attributed to the waves emanating from the end-points of the finite feed array.  
These waves are initially attenuated by a spherical wave spreading as in a 
standard linear array of discrete elements. However after a small decay the end 
point contributions remain essentially constant in amplitude and propagate along 
the entire slot independent of the dimension of the array, because a non-decaying 
mode is supported by the long slot and it is superimposed on top of the standard 
spherical wave. 
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Fig. 2. Voltage distribution on a single slot in free space with only 20 feed points in an infinitely 
long slot. The continuous, dashed and dotted lines represent the real,  imaginary, and the 
amplitude respectively. 
 
Note that the magnitude of the voltage shown in Fig. 2  is very similar to the 
curve of Figure 6 in [7], representing the electric current on a connected dipole 
array. This indicates that the long slot and connected dipole array share similar 
features. For both it is important to refine the infinite array analysis to account for 
the edge effects, if one desires to rigorously determine the performances of a 
practical finite array.  
 
References  
[1] J.J. Lee, S. Livingstone, R. Koenig ``Wide band slot array Antennas', Proceeding of 

AP- S Symposium, Vol. 2, pp. 452-455, June 2003,  Columbus, Ohio. 
[2] B. Munk, R. Taylor, W. Croswell, B. Pigon, R. Boozer, S. Brown, M. Jones, J. Pryor, 

S. Ortiz, J. Rawnick, K. Krebs, M. Vanstrum, G. Gothard, D. Wiebelt'A Low Profile 
Broad Band Phased Array Antenna', Proceeding of AP- S Symposium,  June 2003, 
Columbus, Ohio, Vol 2, pp.448-451 

[3] R. C. Hansen, "Linear Connected Arrays", IEEE Antennas and Wireless Propagation 
Letters,  Vol. 3, pp.154-156, 2004. 

[4] A. Neto, J.J. Lee,``Infinite Bandwidth'' Long Slot Array Antenna', IEEE Antennas and 
Wireless Propagation Letters Vol. 4 , 2005, pp.75-78 

[5] A. Neto, S. Maci, G. Vecchi, M. Sabbadini, .A Truncated Floquet Waves Diffraction 
Method for the Full Wave Analysis of large phased arrays. Part I Formulation for 2D 
Cases, and Part II Generalization to 3D Cases., IEEE Transaction on Antennas and 
Propagation Vol. 48, No. 4, April 2000 

[6] A. Neto, S. Maci, .Green's Function of an In_nite Slot Printed Between Two 
Homogeneous Dieletrics. Part I: Magnetic currents., IEEE Transactions on Antennas 
and Propagation,, Vol. 51, no. 7, pp. 1572-1581, July 2003 

[7] R.C. Hansen, .Non-Foster and connected planar arrays., Radio Science Vol. 39,2004, 
pp. RS4004, 1-14. 

784


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print


<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




