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ABSTRACT 
This paper proposes a novel imaging architecture suited for use in the mm and the sub-
mm wave regimes. The structure is composed by a one dimensional array of radiators 
in order to enhance the image acquisition time with respect to single element detection. 
Moreover each of the antenna elements composing the array is characterized by a 
relatively broad band which opens the possibility for the array to be used over multiple 
frequencies or over a single wide band. Each of the radiators is a Leaky wave slot and 
all of them radiate in the presence of a unique dielectric lens. A prototype of the array 
has been designed to operate at relatively low frequencies (18-26 GHz). It has then 
been manufactured and measured. The performances are extremely promising and 
provide a hard proof of concept of the feasibility and the advantages of the proposed 
array architecture. 
 
THE PROBLEM  
One of the key parts of a sub-mm wave imaging system is the integrated antenna 
receiver.  Many direct and coherent detection systems use quasi-optical coupling to the 
incoming radiation field in the form of a combination of a dielectric lens and an 
antenna integrated with the detector. Very popular detectors like super-conducting 
vacuum-bridge bolometers or super-conducting hot electron bolometers (HEB) behave 
almost independently from the frequency, so that the bandwidth of the receiver is 
mostly determined by the antenna. Typically, twin slot antennas, which are one of the 
most popular antennas used in sub-mm wave heterodyne receivers, may have 10 -15 % 
operational bandwidth with good efficiencies [1]. Therefore it is clear that if one can 
further enlarge the RF bandwidth of a planar antenna, allowing a given frequency 
range to be covered with fewer mixers, this can result in much simplified instrument 
designs and significant cost reduction. To pursue this goal a novel type of leaky wave 
radiation mechanism was presented in [2] which intrinsically supports wide band 
operation. The basic concept is that a wave propagating at the interface between two 
homogeneous dielectrics radiates a beam into the denser medium at an angle which 
largely frequency independent. In [3] the first leaky wave antenna implementing this 
concept was reported. In a preliminary proof of concept the potential of such leaky lens 
concepts to realize integrated transmitters or receivers with extremely broadband 
coverage, high directivity and limited or no dispersion were demonstrated.   

However an imaging array is a very interesting solution for those applications 
(like military or security applications, but also plasma diagnostics) where a fast image 
acquisition time is an important issue. In fact in all scientific road maps (U.S., Japan, 
Europe) future imaging systems will also be based on simultaneous multi-pixel 
acquisition. References [4] and [5] are significant examples were the elliptical lens 
concept was applied to realize multi pixel imaging. The idea in both papers was the 
extension to a focal plane array of the same configuration shown in [1]. In the present 
paper, the design, the scaled model realization, and the demonstration of antenna 
technology that extends the leaky lens radiation concept introduced in [2] and [3] to an 
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imaging array are presented. In particular the concept is extended to implement a 7 
elements linear imaging array. The array consists of 7 slots (of which only 5 are fed) 
etched on the focal ground plane of an elliptical lens as the one in [3]. With respect to a 
standard array solution the novel imaging array presents two characteristic features that 
render it particularly efficient. In fact the most critical loss factors in imaging arrays 
are spill over and mutual coupling.  

In the case of lenses, the spill-over losses are associated to the rays that are 
radiated by the sources but impinge on the dielectric air interface in a zone of the lens 
that does not contribute to focus the beams in the far field. The present array solution is 
designed in such a way that the field radiated by each slot is reinforced by the fields 
scattered by the neighboring slots. Thus the field associated to each slot inside the lens 
is more directive than the single slot pattern would imply. Nevertheless the mutual 
interference between slots remains significant only at radiation level. The mutual 
coupling at feed level is very low despite the fact that different beams cross over at 
about the -2 dB level. A low mutual coupling means very low losses due to power 
coupled into the matched loads of the neighboring slots. The measured impedance 
parameters and radiation patterns exhibit good performances over a relatively wide 
frequency range (about 30 %).  

 
 
 
Fig. 1 Four views of the integrated leaky lens slot array. 
 
ARRAY GEOMETRY 
The designed structure is shown in Figure 1. The four views allow one to recognize 
that the array is developed in one dimension only (the y-direction in the figure), while 
the long slots extend in the x-direction. The dielectric constant of the lens is εr=3.27. 
The dimensioning of the lens is divided in the separate design of the two cross sections 
since the leakage from the slots dominates the radiation pattern in the direction along 
the axis of the cone while dielectric lens imaging as described in [4], and [5] defines 
the separation and location of the slots in the y-direction. The length of each slot and 
the angle of the cone that defines the the dielectric lens are derived once the 
propagation and attenuation constants of each slot in the presence of the neighboring 
one is known [6]. In principle each slot is characterized by a different propagation 
(direction of radiation in the dielectric) and attenuation constant.  
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Fig. 2 Manufactured lens a) and detailed view of the feeding network with air bridges 
b) 
The reason is that the array is composed of a finite number of slots and the distance 
between a slot and the end slots impacts the actual propagation constant. However an 
angle for the lens had to be chosen and the central slot has been taken as reference, so 
that the radiation arising from it impinges normally onto the dielectric air interface. A 
detailed picture of the manufactured lens and of the feeding network of the array is 
shown in Fig. 2. The directivity patterns of the central slot of the array at the central 
frequency of 23 GHz are shown in Fig.3. They highlight both E and H plane patterns 
and present the comparisons between calculations and measurements.  

 
Fig.3 H plane (left figure) and E plane (right figure) patterns for the central feed at the 
central frequency of 23 GHz. Comparisons between measurements and calculations.    
 
 
Fig. 4 shows the five plots for the co-polarized neighboring beams associated to the 5 
active feeds and for the same central frequency of 23 GHz. Even if not reported for the 
sake of brevity the Sii  parameters of the array are below 9 dB over a 20 % bandwidth 
(18 to 26 GHz), the measurements will be shown during the conference. The matching 
could be better if the feeding network could have been developed over a larger area 
rather than being squeezed over the smallest possible area (as visible in Fig 2). 
However as expected the Sij parameters accounting for the mutual coupling at feed 
level were lower than 22 dB over the entire investigated bandwidth. 
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Fig. 4 The plots of the 5 independent beams. 
 
CONCLUSIONS  
The leaky lens radiation concept has been proposed as a viable option to realize multi 
pixel imaging arrays with simultaneous acquisition in one plane. The dielectric lens, 
the focal plane imaging array and the relevant feeding network have been designed and 
manufactured to operate from 18 to 26 GHz. Preliminary measurements demonstrate 
the effectiveness in obtaining useful very closely spaced patterns. The system is 
efficient thanks to a reinforcing interference between different slots and thanks to the 
low mutual coupling between the different feeds.   

 
REFERENCES 
[1]D. F. Filippovic, S. S. Gearhart and G. M. Rebeiz, ``Double Slot on Extended 
Hemispherical and Elliptical Silicon Dielectric Lenses'', IEEE Transactions on 
Microwave Theory Techiques, Vol. 41, no. 10, October 1993. 
[2] A. Neto, S. Maci, "Green's Function of an Infinite Slot Printed Between Two 
Homogeneous Dielectrics. Part I: Magnetic Currents and Part II: Space Wave-Leaky 
Wave Asymptotics " on IEEE Transactions on Antennas and Propagation.. Vol. 51 no. 
7 July 2003 and Vol. 52, No. 3, March 2004 
[3] A. Neto, S. Bruni, G. Gerini, M. Sabbadini “The Leaky Lens: a Broad Band, Fixed 
Beam Leaky Wave Antenna” on IEEE Trans. on Antennas and Propagation Vol.53 
no.10, October 2005 
[4]D. F. Filippovic, G. P. Gauthier, S. Raman and G. M. Rebeiz, ``Off axis properties 
of Silicon and Quartz Dielectric Lens Antennas'', IEEE Transactions on Antennas ad 
Propagation, Vol. 45, no. 5, May 1997. 
[5] X.Wu, G.Eleftheriades, T. Emie van Deventer-Perkins, ``Design and 
Characterization of Single and Multiple Beam MM-Wave Circularly Polarized 
Substrate Lens Antennas for Wireless Communications'', IEEE Transactions on 
Antennas ad Propagation,Vol. 49, no. 3, March 2001. 
[6] S. Bruni, A. Neto, S. Maci, G. Gerini, “Analysis of an Array of Long Slots Printed 
Between Two Dielectric Half-Spaces” submitted to IEEE Transactions on Antennas 
and propagation, also presented at the IEEE Antennas and Propagation Symposium, 
Washington 2005 

5570



<<
  /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


