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I. INTRODUCTION

As frequencies increase into the millimeter-wave range,
the use ci low-loss dielectric components becomes more prava-
lent. The development of dielectric guiding media and inte-
grated circuits has created a need for additional dielectric
components. It would be desirable to develop an efficient
antenna made of the same dielectric material that could be easily
integrated with the other components. Literature on the design

such antennas, however, is severelv limited.
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this investigation, the design critericn and the nerformance

of several nillimeter-wave dielectric rod antennas are discussed.
Also, the antenna's nerformance is cbserved orerating as a con-
sonent 1n an imaging radar sys+ten.

Scme research has been completed on the coupling of dizlec-

ric and metal
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cmponents [1l]. stablishing a travelling wave
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3 ol i¢c rcd through some means oI transition Zrom a

metal waveguide and then perturbing the wave by either a tapsering

oI the yzd or periodic discecntinuities have keen an eZfective
desizn recipe for rod antennas [2], [3). However, merelv scaling
the microwawve antenna designs to millinmeter-wave dimensions is

oIten lneifective. By experimentally =xamining some antennas

po-

~a - ey - Sq - oA < - vy me o~ =
To2 LUCIrTAnT Aefiin IZCIOrs 4And Der.2rnancs InaricolilsticE s
—— s - ~ S N PP J = -t i~ -

“oEsSe 2nT2nnas. .02 3UCA 3TaQY 0T ALZ2i2CTrl s 24 AnTennids it

PSS

SN |




76-30 GHz was completed recentlv [4]. Chang conciuded that the
design of the transition portion of the antenna was arbitrary
and observed that various designs of the radiating end performed

similarly.
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IT. EXPERIMENTAL STUDY OF IMAGING ANTINNAS

FOR MILLIMETEZR-VWAVE APPLICATIONS

To determine irf the antenna principles design outlined

in the las%t secticn applie

¢

[oN)

o other operating freauencies or
antenna Jdesigns, four antennas were constructed and tested at
two freguencies.

The table top racar systems were assembled tc aid in the
study o the antennas. Both the 38l Gilz and 220 GHz sources were
iow zower, continuous-wave swvstems, radiated through high zain
horns. The recelvers emploved were diode detectors, providing
', Ccmponent diagrams of the 81 GE
and 229 GHz 3ets are2 shown 1n Figures 1 and 2.

31l antennas tasted were nade of Rexolite (diele

0
¢t
b
’4,
(9]

s2onstant = 2.533) and shaped in rectancular rods with a 122 x

A varietwv oI antenna des.jns was tes+tad and ccmpared 4o
Zeternine tne critical features oI tieir shaze 3ffa2cting racdila-
t.on eliiclency. Fijure 3 shows the shares and t2rms Zescribing
—he snapes °0I the antsznnas investizatad, IZuperiments were con-
auctad by mouncting the ansanna-egulipred waveTulle In he Cantar
22 2 turntable, Then LllininatinT The anToenna voth o elaner SIoane
<wC ni1Th Irzguency iCirTes. Tl 27 She o antoanna was
S2C323 :37eCt anTl2e I oh inT3anna, 13 TS o TUTTTaoLT WIE oTiooaToel
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comparison of the wedge and tapered design antennas in Figure 4
exemplifies the significance of the radiating end design.

Millimeter-wave radars have many popular militarv and
civilian applications. Their relatively high resolutions and
abilities to operate at night make terrain imaging one of the
more immortant aspects of these applications. The design of
antennas for such systems has been studied by many authors [7],
(8]. A simple design of an imaging radar using a dielectric rod
antenna is presented and discussed in this section.

In order to obtain "terrain" images from the low power
sources available, a lens had to be made to focus the energvy
reflected off the target. This would create an image intense
encugh to be detected and small enough to be scanned.

Three dielectric lenses were made so that one could be
found suitable for use in imaging experiments. The lenses were
made Irom Rexolite, TPX and High Density Polyethelene and each
had different radii of curvature and focal lengths. Zach lens
was tested bv using it to focus the source energyv, then scanning

the image plane with the receive antenna. The Rexolite lerns

(¢ = 13 cm, I = 10 cm, r, = ») was chosen for use in the imaging

[¥9]

radar systen since it had the highest gain without distortien.

The 31 GHz source was used in the lens' experiments and as the

svstem source in the imaging radar since 1t had more power avail-

able than the 222 3Hz source. FPizure 53 shows the ina

3S 1% wWas set up =0 test the :imagery carability cf the radar.
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A resolution test was performed at 81 GHz to determine
the imaging system's ability to resolve two points. Thin corner
plates were positioned on the object bcard, then the image plane
was scanned with the receive antenna. The image created is
transcribed as a plot of receive power versus x-y position, With
both plates in the plane of the object board, only the specular
reflecticn of one of the plates would pass through the aperture
of the lens and into the image plane. By slightly skewing the
position of either plate, the specular reflections off both
plates could pass through the lens and show up on the image.
Figure 6 shows the image created by two properly angled nlates.

Typical radar targets or terrains are much nore complex
than flat surfaces creating specular reflections. Tetrahedral
and dihedral corners, curved surZfaces and edge effects are all
contributors to complex radar images. The imaging systen's
apility to detect a variety of these reflections is vital to
creating clear images. To determine the sensitivity oI the
radar, a Ifew changes were made on the test range and a variety
of target objects was usaed. The cbject board was renlaced with
a turntable and the receive antenna fixed. Tarzets were cen-
tered on the turntable and thie bistatic rerflected energy was
recordéed versus azimuth., Figure 7 shows the radar cross-saction

Tmeasurement of a r

{1

ctangular tiock. The ccntributions to +the
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in the measurexment represent the flat side specular returns,

but the interference pattern created by the corners between the

flat

sides is also discernible.

Curved surfaces were examined by observing the radar

returns from cvlinders of varving radii.

that the sherter the radius of the cvlinder,

is dispersed and the less energy is received.

urvature
A surface

radius o

determine the radar
strip Of coprer was

its long axis.

t =

mounted on

the sides of the stripn,

contributed to the apparently specular image,

To determine 1f the edges of the

of the cylinders decrease,

Figure 9 nakes it clear
the more the energy

As the radii of

so cdoes the receive nower.

curvature is an edge or the side of a thin stris.

that could be considered to have an infinitesimal

To

s ability to see edge radiaticn, a vertical

the turntable and rotated abocut

The image created consisted of two svikes I

coated with a radar absorptive material.
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III. COCNCLUSIONS

The experiments on the dielectric rod antennas showed
just a few possible design shapes. The wide range in the ner-
formance oI these antannas makes it clear that the surface of
desian optimization has just been scratched. The number of
desicn Zactecrs (lenzth and shape of transition end, length of
rod inside the waveguide, length of rod ocutside the waveguide,
length andéd shape cf radiating end), coupled with the time and
di1fficuley asscclated with the antenna's nanufacture macde a
thorougi analysis ci this component a oroblem beyond the scorte
2f zhis rezeort. levertheless, 2axperiments in this and earlisr
rencrts demcnstrate that the design of the transition end Is

not a crucial factor in the cverall nerformance of the antenna.
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The apbrurt <ransition, the simplest to fabricate, seem:

an eifactive radlator. However, a nore intense studv of <he
irelectr:ic rod ancenna should be accomnlished to determine the

e . : - . . . .
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many dynamic arplications. An array of antennas in the image
plane could be electronically scanned or could be used as a

real-time disvlay of the radar "nicture." Such an arrangement
0 diode detectors would lend itself well to mass productiocn
techniques. Use of a photographic "f£ilm" sensitive to millimeter

waves would be a simple method of producing a static radar image.
Millimeter-wave radar can satisfv many requirements in

many applications. Some hardware cbstacles do exist, e.g.,
nigh-gain antennas and high power RF sources. Recent interest in
millimeter waves nas stimulated the development of components
lizcation. Dielectric ccmponents such as the rod
antenna have ceen sicwn to be eZfective yet simole elements ol
radar systems. Recduced complexity means reduced costs. 1illi- !

meter-wave 37stems with dlelectric ceomponents are the vehicles

Ior cbtaining nigh serfiormance with simplified eguioment.
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