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Abstract—The period of a focal array is limited by the
angular sampling and thef number of the system. This fact will
limit the efficiency of imaging array systems to aound 50%.
Recently it been demonstrated that the use of a dextric layer
on top of an array of apertures can improve this dfciency limit.
In this paper, we describe a similar structure thatimproves the
efficiency in imaging applications and that it is asy to
manufacture due to its compatibility with planar lithographic
techniques.

|l. INTRODUCTION

Recently attention has focused on defense and $editrz
applications since THz signals (at least at thegdon
wavelengths) can penetrate many garments and perdovd
resolution images of the body that do not utilizarrhful
ionizing radiation. A very promising system hasergty been
realized consisting of a 570-600 GHz chirped FMC&dar
imager with a range resolution of &#20.5cm [1]. Now, a
full 3D imaging system is operating by using a 40eftector
and scanning stage. It can image with <lcm raeisdlution
at 4m and a dynamic range of >70dB at <20 msed/pixe
Despite significant functional advantages, theidliffies

associated with establishing and operating hetamdy

instruments in the THz regime are substantial. &hsrno
demonstrated technique for forming
heterodyne imagers at any wavelength above 100 Ghiz.
is due to the complexity of having to deal witha@rwidely
different signals within the same detector — LO, &fd IF.

The few small €10 element) heterodyne arrays that have been

realized in the submillimeter rely on close packindividual
single pixel waveguide receivers with non optimidféctors
[2]. Several clever millimeter wave array systenavehbeen
constructed but all are fairly bulky and expendi®f Focal
plane direct detection arrays are much easierdlzeein this
frequency range since there is no LO and only lgirdC
output, and there are many viable designs from ltte

large multipixel

in [6] stated the limits in terms of mutual cougirand
presented embedded patterns with circular symmatrg
large beam efficiencies. Such an array should incpple be
easy to manufacture at high frequencies due to
compatibility with planar lithographic techniqueb this
paper, we describe a similar structure that impotiee
efficiency in imaging applications. In this casee triven
parameter of the design will be the resolutionhaf system,
which is defined as the distance at which the arden
response power is half the peak-power. The maileatef
will be an ellipsoid focusing at a certain distamtehe near
field. A study of the scanning performances of seeondary
patterns, including a compensated Gregorian systesm,
performed using the GRASP software package.

its

Figure 1: Array composed by waveguides loaded by an irsmged in a
hexagonal grid with a quartz dielectric layer op to

Il. ARRAY PROPERTIES

1980's and 90's for submillimeter-wave array corisep 1Ne array design, see Figure 1 and the inset i2&jgises

developed for the radio astronomy community [4].

Diffraction limited sampling requires an antennadspg
that cannot be realized with simple horn apertuMere
complex antenna elements and geometries are rdquisea
first step we have been looking at a new geomaeiryttie
receiver front end that provides high samplingcedficy with
readily fabricated waveguide RF coupling elements ai
convenient axial arrangement that allows potestiatking of
wafer level components.

In [5] it has been demonstrated that the use aékedric
layer on top of an array of apertures can improves t
efficiency limit. Figure 1 shows the array geomefriie study
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a single dielectric superlayer of quartz with thmeks
hd=6um placed at 126y from a ground plane. The
selection of this material is based on the fact tharesents
low losses at these frequencies, however it istatefringent.
We chose a Z-cut, which means that the dielecits@nt
does not change for a field polarized in the trans¥ plane.
Actually, the leaky wave responsible of the enharerst
effect will propagate at an angle with respect tosd the
effective dielectric constant of the quartz willl faetween
those of the ordinary and extraordinary rays. kalg the
measurements done in [7], the dielectric constansidered
in the simulations has been sette4.452. The array design



has been optimized following the guidelines givern5]. The
period of the array is set to 1%,8n order to keep the mutual
coupling below —20dB. Fig.2 shows the s-paramedais the
radiation pattern of the central element simulatétth CST
Microwave Studio.

The secondary patters from the focusing optics Heeen
obtained using the Physical Optics software GRASR the
simulated array patterns as input data. An offgstem is
needed in a real configuration to avoid blockadee @esign
of a compensated Gregorian system, which reduocess-cr
polarization, has been performed following the gliitks
provided in [8], derived for a parabolic reflectby; matching
geometrically the main ray of the parabolz0)( with the
central ray of the ellipse R1, see Fig.3. The sédoeus of
the main ellipse will be placed at wanted focustlistance,
Rf, and the ellipse will be rotated by a certairglant. The
validity of this cross polarization compensationl wiepend
on the eccentricity of the main ellipse.

The patterns related to the Gregorian design apesrstat
the central frequency in Fig. 4(a). The spill-overl.99dB
and the cross polarization is 45dB below the caupnéd
main lobe. Figure 4(b) shows the beam patternsffeet feed
elements in the horizontal direction.

The scan loss is shown in Fig. 5(a) as a functibthe
array elements in the horizontal and the 60degepl&ach
array element corresponds to one scanned beamwiidfire
5(b) shows the ratio between the pointing angléhefoffset
beams and the half power beamwidth. For a full dargphis
ratio should be equal to the number of scanned Wwédtins
for each beam.

SECONDARY PATTERNS
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Figure 2: S-parameters and radiation patterns at f=546.8GHz
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Figure 3: Gregorian system with an ellipsoidal reflectonzsin aperture
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IV. SUMMARY

In the present contribution, an ellipsoidal refbecantenna
fed by a leaky wave array has been studied for intpg
applications at submillimeter waves. The array geoynis
easy to manufacture at these frequencies. The toffse
ellipsoidal reflector system has been optimizerkthice cross
polarization and improve scanning performances. The
efficiency of the optical system is better, by 1dBan a
conventional horn array. The design shown in this
contribution uses an optical system with fanumber of 1.1
and presents good scanning performances for 9-40nsd
beamwidths (i.e. an array of 271 elements). Howéfvéne
application needs a larger number of scanned beams,
optical system with a largef number will be more
appropriate. In such case the array design wildreedarger
dielectric constant layer (or equivalently sevéoal dielectric
layers placed ai/4). This will increase the effective area of
the array elements at the cost of reducing theu&eqy
bandwidth.

The research described in this paper was carried out at the Jet Propulsion
Laboratory, California Institute of Technology, under a contract with the
National Aeronautics and Space Administration
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Secondary patterns at 4m for a Gregorian reflesgtstem. (a) Co- and cross-pol patterns for émral element.
(b) Co-pol offset patterns. Each color represenitifferent array element or scanned beamwidth.
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Figure 5: (a) Scan loss and (b) Ratio between the poirgimgje and the halfpower beamwidth. The horizonts a
represents the scanned beamwidths of differeny atemnents.
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