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1, 1 mtroduction

I'rinted dipole clements and their complement, lincar dots, are elementary radiators that
have found usc in low-pofile antenna arrays. 1.ow-profile antenma arrays, in addition to their
small size and low weight characteristics, ofler the potential advanitage of low-cost, high-
volume production with easy integration wit hact ive integrated circuit cornponents. Such
dipole and slot clements may 1) used in dipole and slot series-fed-type linear arrays where
line losses must be kept to a minimum.  Specifically, an act ive I/ K{,-band antenna array
is currently under development for IN ASA’s ACTS Mobile Terminal (AM']’) [1-2]. Satellite
tracking for the land-mobile vehicular antenna systein involves “mechanical dithering” of
the antenna, where theantennaradiates a fixed beain 46° above the horizon, transmitting
horizontal polarization] and receiving vertical polarization at 30 and 20 Gl1z, respectively.
The AMT active antenna array, as shown in IFigure 1, is a multi-layered assembly in which a
reeci ve array of radiating slots and and tranisinit array of microstrip dipoles are interleaved
such that they share the same aperture to provide a compact, dual band antenna.

T'he subarrays of the above antenna arc lincar series-fcd-type arrays consisting of nearly
identical dipole, or dot, clements transversely clectromagnet icall y coupled to a microstrip
transmission line. The design of the linear series-fed-type arrays is achicved using trans-
mission line theory with cquivalent circuit modecls for the radiating elements. The clement
offsets and interelement line lengths are used to obtain the desired amplitude distribu-
tion and beam dircction, respectively.  Sumimarized in the following are the design and
test results of both a dipole and slot series-fed-type linear array, assuming the impedance
characteristics of the radiating elements are known.

2. Interclement Line Length for Lincar Array

Jonsider a “symmetrical ly-fed” lincar dipole and slot arrays shown in Figures 2 and 4,
respectively, where the spacing between elements is d and the length of the interconmecting
transmission line is £ > d.'1'o direct the main beam at the propier scan angle 1%, mcasured
from broadside, or normal to the antenna, the following phasc relationship (using ¢ time
dependence) hetween the elements should be satisfied

e - B dkodsinlp - ma m an even integer (1)

where 5= ko /Gyen, ko = 20 /Ao is the free space wavenumber, Ag is the free space wave-
length, and ¢, o is the eflective diclectric constant. (For an “anti-symmetrically-fed” lincar
dipole array, m would be an odd integer.) To minimize £, i.c., minimize line loss, the above
cquation is solved when £: d 1o obtlain
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TI'he rescarch deseribed in this paper was carried out by the Jet Propulsion Laboratory,

salifornia Institute of Technology, under contract with the National Aeronautics and Space
Administration.




3.

Dipole Lincar Array Design

Inan equivalent cirenit model of a lincar array of N series-fed-type dipoles [3], cach dipole
i represents a shunt impedance, Z; = 1 -1 X, to the transmission line as show in Figure
3, where 7; is a function of the dipole oflset, length, and width. The transmission line
is characterined by its characteristic impedance Zy and propagation constant k: 0 - ja,
where «v is the attenuation constant. Iach dipole is to be operated at resonance, such that
Zi- I, where the desired value of 12 is obtained by sclecting the appropriate ofl’set . A
unit cell of the array of length £, determined by (2), may be defined as shown in Ifigure 6.
The voltage and current on the transmission line of the unit cellare given by

V(zi): Viye j"'zi[] 1 ]‘]I’iCj?kzi]

’ k2 iQhzs (3)
Yol (z) = Vige (1 1y,5672]
where , .
. i %o
Vri= - . (4)
Z1i -l Zo
A1 i | Z;/,i- 1 (5)
Z1io1 -l jAotan kL
AR VA 6
Ti-1 JZi-1tankl - Zp 0 (©)
By taking the ratio of Vi ;/Vi
: . 1 ¥y e I2kC
Virr - V(= - 0) [ IR AL ]cjkf 0

Vi . VV(z.i: 0) o [] g ]‘],,i]

a recursive expression for the voltage at successive points along the array is obtained. The
power dissipated in cach dipole radiator is given by 15 = |V;])2/(21%). For a given amplitude
distribution, 7% (i = 1,2,..., N), a given transmission line length k€ and Ry, the desired
resonant resistances R; are specified by the following recursive expression
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When the main beam divection is broadside, or normal, to the antenna, 00: 0, B; should
be specified larger than %o to maintain a good input impedance matceh to the array. lor a
main beamn direction ofl broadside, 0 7 0, Ry is set equal to %o to prevent reflections that
result ina second, undesired scanned beam. 1 1 should be noted that the above equation (8)
accounts for multiple reflections on the transmission line, resul ting in a progressive phase
shift along the radiating clements that nearly approximates that specified by equation (1).

Slot Lincar Array Design

Similarly, in an equivalent circuit model of an array of series-fed-type slots [4], cach slot ¢
represents a series impedance, 7; = Ry -1 j X5, 1o the transmission line as shown in Figure 5.
A anit cell of the array may be defined, as shown in Figure 6, similar to that of the dipole
array, with the exception that

Apis Zil Xy (9)

By taking the ratio of 13 1/1; and noting that the power dissipated in cach slot radiator is
I 121 /2, a recursive expression for the slot resistances 1 is given by
o1, 2l |1- 1)
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whenthe amplitude distribution, V75 (i 1,2, . . . . V), thetransmissionlinclengthfzd, and
1 are specified.

5. Experimental Results

A linear, cavity-backed slot array, consisting of 8 clements with an interclement spacing, of
0.46X0, has been fabricated and tested, operating at 20 G111z with a main beam direction
approximately 40° from broadside. The slot elements were characterized both thcorotica]l_Y
and experimentally as a function of oflset, with the experimental characterization performec
using T'RI, calibration techniques. 1)ue to the fact that the element resonant frequency is
a function of Ofl’set, the element slots lengths are all slightly different. Shorting pins are
used Lo suppress undesirable cavity modes. As shown in Figure 7, good agreement between
predicted and measured patterns was obtained. Total 10ss in the slot array was measured
o be approximately - 1.3 dB. (Note that the loss of a shiclded microstrip line is measured

to be approximately -0.24 dB/Ao.) Experimental results will be presented for a gimilar
lincar serics-fed-ty pe array of dipoles operating at 30 Gllz.
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Figure 1. AMT active array of dipoles and slots.
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