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INTRODUCTION

There is, at present, a great deal of interest in Imaging radar sysem

to be operated at 220 G~z. We are Interested in this frequency becausewae

in this region penetrate dust and fog better than optical wavelengths, and

because system with such short wavelengths tend to be compact and light-

weight. Additionally, at 220 Gbx, there is a local milmm in the attenua-

tion constant through air [1). Thase characteristics enhance the desirability

of this frequency range for imaging radar aplctin In battlefield

situations, where compactness and mbility are of prim concern, addust

and fog my obstruct Visibility.

It has been proposed, furthermore, that such an imaging radar system

be built primarily from fin-line, a diagram of which appears In FigL. 1.

FiLn-ULn components are low loss at high frequnies and are easily built

using standard printed circuit techniques (2]. The particular part of the

imaging radar system we worked on was the antemse and feed mechanism.

Several design ware developed, which were tested at 80 M. The design

and anterna patterns are presented in the following sections.

Ing P13-LIK AUM

In order to develop an imaing radar system, a component of primary

interest met be the mtern. For this application, we eavisage an array

of a large memer astemses end feed structures arranged Ina demsely-paked

fumatiem. Defers studying the array as a wle, we must firsat stedy the

cr tristic of a single mmt elemnt.

lSc a fia-Uns antms met satisfy seveal critesra. Fnut, it mat

bem a relatively vmU ervee-eetiel are. Name, it met beve a evmllU

design that Is emptible with a Winl'metsdaf!aim Fh me
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* this antenna most have a fairly broad beainidth. Finally, this antenna

must be endftire. Mhe latter Is perhaps the most difficult criterion to

satisfy. It is easy to visualize a broadside fin-line antena based on a *
* periodic variation In the slot width which operates in a leaky-wave mode.

With an endft Ire anten, however, no obvious design choice Immediately

presents itself. Therefore, we have had to try several possibilities.

VnWe turn to the design and measurement of the fin-line antennas

under study. We tested four designs of endfire fin-line antenas, whose

designs are shown in fils. 2-5.* In Fig. 2, an antenna is shown in which

the dielectric portion of the fin-line wee extended past the end of the

metal shield. In Fig. 3, we have a design In which a thicker dielectric

rod, ade of tezolite (dielectric constant - 2.53), Is protruding frtom the

front end in a similar fashion. Fig. 4 dep icts a printed dipole arrangement,

mbile Fig. 5 ohms a printed vee dipole. Both dipoles extend byond the end

of the copper shield.

The fiar-limee, veto munted be tweem. two blocks of copper whbose inner

dimmusioms were those of standard X-bead rectangular waveguide. A diagram

of am of these copper blocks Is shon In Figure 6. Note that a rcess"

wee founad on the right side of the feed in order to allow a standard a-beaud

metal waveguida to couple I"*e the fin-lies. MaT flat-Lia were fabricated

with staNdard tbtlbppi ediqme. Ow emsbstrate wa 1/2 as.

super jadI/dri PS, ma"s by. Mae meprtis ith a dlielectric

j "mimet Of 2.20 at 30 00.

b - SON! SON ps0m ep Me 1* Mme amese ansme,

*IADM490 sf Mft 1. .d* eedllwsrM* tas"d a*
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1 iKliz, generated waves which were transmitted to an antenna under test which

was 35" away. The antenna under test was connected via a transition to a

standard rectangular metal waveguide which was terminated in a diode detector.

The level of the diode detector was measured by a log-ratio meter and

recorded on an X-Y plotter as a function of angle.

Now that the antenna designs and experimental apparatus have been

discussed, we are ready to look at the results of our tests. These are

presented in the next section.

EZPERWUh NISULTS

In order to have some patterns with which to compare our test antenna

patterns, we began by plotting the R-plam patterns of a standard gain

(24.7 43) horn and an open-en"ed wavegu . These plots are shown in

Fig. S.

d Nelecttc case F. 2) and the doelectilc rod case (Fi. 3). These patterns

are shown in fig. 9. Note that the gain of the dielectric rod configuration

(13 dD) is approximately 4 dD higher than that of the open-ended waveguide
(9 dB).

finally, we measured the -plans pagt for the printed dipole (Fig. 4)

and ves dipole (Fig. 5). Neither of these two designs perfomd satisfactorily.

From these antenna patterns we con draw several conclusions. WAile

neither the dipole nor yes dipole co f1prations perfomd satisfactorily,

the extended dislectr configuration showed some promise, and the dielectric

rod comtUpration showed a greet deal of promies, wift a Soin of 13 dl mad

a 3 dl bewmidth of 40 degroe. It 16 likely that adjusments Gm be made

to d" deignl a ocdsg to twther improve ite perfumes.e.

1S
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REC!OINDTIONS FOR FURTHER STUDY

We now present our recoaeendations for further study of the 220 GRz

imaging radar system. We have generated two distinct possibilities for

the antenna array, so we vil look at each individually.

The first possibility for this antenna is to have a transition from

fin-line to metal waveguide, and build an antenna from metal waveguide

components. A fin-line to rectangular waveguide transition is easily built,

an example of which is shown in Fig. 10. Furthermore, the antenna would

consist of either a horn or an open-ended vaveguide. The horn would give

a higher gain than the open-ended waveguide, but it would also have a larger

cross-sectional area, thereby Increasing the size of the array. Therefore,

one would use only as much flare In the waveguide as was required for

sufficient gain.

The second possibility for the fin-line antenna is to use the fin-line

directly in a dielectric rod configuration, shown in Figure 3. This con-

figuration produced the best pattern of all the new designs tested. It

had a gain of 14 dN and a 3 dB beainidth of 40 degrees. With further study,

it should be possible to iprove the antenna pattern by varying the parameters

In the design of the antenna.

An ezperimestaj study was perfomed to determine the feasibility of

several fL-Uime antenna des4s for a 220 afs iagt i radar system. Two

possible designs mresd fhm this study. One design involved a transition

en ie-Ulme to reotagpar wm mgmls, fllwaed by a horn or open-ended

vewemieante n o other desig lawolv an e"df fi i-lime datem

13



I
-J
4 Ca
lAS 4.4

- Id

I-.Lu 4.4U

4.4

tI-. U
Q
I&5 Si It

U
7-
U
lii

( '3
11.5 C,

U

5 Si

1 C
44
'4

0I I- q4C

4

0
'4
U
Si

II. CI a.4

2A



1* -

with a "ielectric rod protruing from the front end. Mwe initial ezperlmetal

results are quite promising as thin research effort continue.
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K June 1978.
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