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I. INTRODUCTION

As frequencies increase into the millimeter-wave range,

the use of low-loss dielectric components becomes more oreva-

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 easi 1v

integrated with the other components. Literature on the design

and performance of such antennas, however, is severely limited.

In this investigation, the desicn criterion and the rDerformance

of several :illL-meter-wave dielectric rod antennas are discussed.

Also, the antenna's performance is observed operating as a cor.-

aecnent in an imaging radar system.

Some research has been completed on the coupling of d'elec-

tric and metal ccmponents [I]. Establishing a travelling wave

along a dielectric rod through some means of transition from a

metal waveguade and then perturb ng the wave by either a tac-ernng

of the rd or periodic disccntinuities have been an effective

desi:n recipe for rod antennas [2], [3]. However, merel scaling

:he microwave antenna designs to millimeter-wave dimensions Is

often lneffecti'-e. 3y exnerLmentally examining some antennas in

......... eter-ave rar.re, we hone to 7a-n an u..erstanoi:' a:

m:or - - - i~sinactors and cerformance --fa

--.-,ese a.n._ennas. n-2 3u02. .. .... n ... .:
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76-30 GHz was ccmpleted recently (4]. Chang concluded that the

design of the transition portion of the antenna was arbitrary

and observed that various designs of the radiating end performed

s in.ilarly.
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I!. EXPERIMENTAL STUDY OF I>I1AGING ANTENNAS

FOR MILL IMETER-WiAVE :APPLICATbONS

To determine if the antenna principles design outlined

in the last section a-014ied to oth~er ope rating freouenc~es or

antenna designs, four antennas were constructed and tested at

two f :requen Ci4es.

The table too radar sy.st-ems were assembled to aid in the

stud,, c-- the antennas. Both the 81 G:1z and 220 0jHz sources were

low cower, continuous-,,a-ve systems, radiated through hich g7ain

horns. h-'e receivers emmlo,,ed .,ere diode detectors, 7provi7_di;nq

amp~:ue nformaticn only. Cornoonent diagrams of the 81 ]Fiz

and 22O3 Hz sets are2 shown in i-4ares 1 and 2.

Al-' antennas tasted -wer.: made of Rexolite (dielectric

zr:nstano: = 2.53) and shaped in rectangular rods wiha .122" x

.D61 in--' crcss saction. 7 .e rods -.were _'nserted into a ri--id,

oc en-tenned E-c-and waveo:ui..e and u sed on tho rsce~ive end ~n'

A ,arietv o-f antenna -nesigns was test-ed' and ccmraredt

occermlne tne critical features of ther Ta-e af-_-2ctn radi-a

en er aenc-. 3or 3 hows :-e shaces an4 en

..e shapes t - .nas inv e staoatda n-r e dnts ere -Cn-

_aicted ynutn h antenna-ecu a-'eo euu oe.eca

0a turnzable, :nn .z.ntn- t.e an--.2nna

two~~~~~~: San:e:ec ~--~-~--

3.orsu aec, a n:i- 3~ _2tna c::o:i
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The rods were oscn3tc fit th-e E-oan6 w,.ave-uide used

at 31 '-'-z. FOr exzerimentS conducted at 220 C3Hz, the sai-e rods

,.ere -_,ed witn a tarored waveguide tr-ansition i.nserted b-etween

tneanena ndthedtetr Relative cain levels for exo eri-

s _e -ch f rej-uenc-7 were ve rv s im ilar . The re suits at 220

,.,.z are I:aw n _7-. aure 4. The .,:edge antenna hnad th-e hi(,'.est-

:anof all anteannas t-oc :ted, and was th nyatna tc p~erform

~than an enot-v %;aveouide. Th-ese results a:cear- to be con-

sast~ent w4fth Ch-ano 's f i n din as . The most efficlent antenna of4

tace teste d h ad an__ brit transition end!, the tvne ofr trans-

-. ~ ~ ~ -.; "---- vwol ell -s bo~ e most- re'ective

:uck "I6 noticedl aha- refection takes -ace at abrun~t cn

.. JI=:es, an- z7ooth transitions are re-uirea to establish a

sutae av:n !ta- antenna, or to e::fectivel,. radiate ener7,..

:-,se cnccsacco: ar to b-e less imnortant at th-e transition

tort an ca tn ante-nna at: -ualllmeter ';ave1 onaths. 'he ant-enn-a

;.hatate red :rans-z ton -.,as t.,e least e~fec- 4% D'tn'e antennas

-h rti:al eso '-rs of tn.-'ze ant:2-as are -

a:teanz-~na nsiaze anra outside oz -to- wave,7,ouc and

te ::ae fa: - fo ra~cn ano ~e r -nt toe otance, eacn

tea 2 tnn a wa- insrte iota th:-e ;aveia; a '

: C ~w 5 DS e rve: o3 ___erencG e -
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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 man- popular military and

civilian applications. Their relatively high resolutions and

abilities to operate at night make terrain imaging one of the

more imrortant 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 energy

reflected off the target. This would create an image intense

enough to be detected and small enough to be scanned.

Th-Iree dielectric lenses were made so that one could be

suitable for use in imaging experiments. The lenses were

made from Rexolite, TPX and High Density Polyethelene and each

had different radii of curvature and focal lengths. Each lens

was tested by using it to focus the source energv, zhen scanning

the i:aage plane with the receive antenna. The Rexolite lens

(d = 13 cm, r1 = 10 cm, r2 =) was chosen for use in the inaging

radar system since it had the highest gai - without distortion.

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

s%-stem source in the imaging radar since nt had more power avail-

able than the 220 THz source. FiE-ure 3 shows the iaoi.' s-stem

st ;as set up to test the :-mager- cacabilitv cf the radar.

0 , .

,,,,,.d , m "% nm lN ~ ,.m~. ud .,mnu nml'.mm~~
h'

" ""' ' .*" _ . ,.
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A resolution test was performed at 81 GHz to determine

the imaging system's ability to resolve two points. Thin copper

plates were positioned on the object board, 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

reflection 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 plates.

Typical radar targets or terrains are much more complex

than flat surfaces creating specular reflections. Tetrahedral

and dihedral corners, curved surfaces and edge effects are all

contributors to complex radar images. The imaging system's

ability to detect a variety of these reflections is vital to

creating clear images. To determine the sensitivity of the

radar, a few changes were made on the test range and a variet,

of target objects was used. The object board was renlaced with

a turntable and the receive antenna fixed. Targets were cen-

tered on the turntable and the bistatic reflected energy was

recorded versus azimuth. Figure 7 shows the radar cross-section

measurement of a rectangular block. The contributions to the

radar si;nature come on!- from the flat sides of the block. A

more complex taraet like that shown in F'ig ure 8 demonstra:es the

-affects of corners in con-unction with fat sides. The s-::Mes

.. . '-,I• , .a .' " . .- . ,- .. ... - ' - - . .. .. . . " , . .
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in the measurement 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 cylinders of varying radii. Figure 9 makes it clear

that the shorter the radius of the cylinder, the more the energy

is dispersed and the less energy is received. As the radii of

curvature of the cylinders decrease, so does the receive Dower.

A surface that could be considered to have an infinitesimal

radius of curvature is an edge or the side of a thin stri-. To

determine the radar's ability to see edge radiation, a vertical

strip of copper was mounted on the turntable and rotated about

4ts long axis. The image created consisted of two spikes from

the sides of the strin. To determine if the edges of the strin

contributed to the apparently specular image, the edges .ere

coated with a radar absorptive material. The material was made

of 2 parts paraffin wax and 1 part extra ine granhite shavings.

The :ixture was melted, then thoroughly stirred . - -icat ion of

the wax mixture on several of the previously- measured radar

taroets reduced the known radar cross section 7-10 dB denendinc

on the thickness of the coating. By aiz a coatina of te

radar ahsorrt_ve material to the edce of the stro, _hme edze

conr.....t:.n was effectively elminated from the crcss-sectirn

measu reMen-t. The m-a:"-me at h --n

:zarincg showed nc zercegt~ble hnancge n the cr-s:-att-_n :atern.

The ro-wer f the transmtt- r was i.-r'v t

edre effects :f -e ncoate smror .
.I
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III. CONCLUSIONS

The exnerimernts on the dielectric rod antennas showed

J:ust a few possible design shapes. The wide range in the ner-

formance of these antennas makes it clear that the surface of

desian optimization has just been scratched. The number ofl

design factors (len-,th and shape of transition end, length of

rod inside the waveguide, length of rod outside the waveguide,

length and shaoe of radiating end) , coupled with the time and

'd'aficulty associated with the antenna's manufacture made a

thoroughi analysis of this component a problem beyond the scone

of th1is renort. :evertheless, ex-ernients in this anid earlier

re-norts demonstrate that the design of the tranSitiJon end ts

not a crucial factor in thne overall -erformance of tine antenna.

The abruzzt o:ransition, the sLmnlest to fabricate, seems to be

Sas effective as other designs tested. The wedc-e antenna

sed _'n -ne exneriments nresented :.n -:his renor-n r=:ed to '-e

an--------adiator. However, a more intense stu-d,.: of -h

4 electric rod ant-enna should be accomnlished to eemnth

:anaz *'sand lz_: ati4ons ofthe antenna _-n e -.;e

an c a z-on s.

.:he scann .nz system emnoD-ed to create t-e zziaces 'n

--- ; aner .,as an ef:ecti.v.e _z-::, to a7Mne thne in-.a~e

.-,e _an-2 oeant*2-.a :ze a Ser-_::3T.tt



many dynamic applications. An array of antennas in the image

plane could be electronically scanned or could be used as a

real-time disolav of the radar "nicture." Such an arrangement

of diode detectors would lend itself well to mass production

techniaues. Use of a photographic "film" sensitive to millimeter

waves would be a simple method of producing a static radar image.

Millimeter-wave radar can satisf, many requirements in

many applications. Some hardware obstacles do exist, e.g.,

high-gain antennas and high power RE sources. Recent interest in

millimeter waves has stimulated the development of components

for this applioation. Dielectric ccmnonents such as the rod

antenna have been shown to be effective yet simple elements of

radar ssems. Reduced comolexty means reduced costs. -ill-

m. _eter- ..ave systems with dielectric ccmnonents are the vehicles

-or cotanin; high cerformance with simplified ecui4ment.
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