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Abstract - This paper introduces a low-cost millimeter- 
wave dual-beam scanning antenna that uses a dielectric 
image line fed grating fdm designed for bidirectional 
excitation. An excellent radiation pattern is maintained for 
both beams across wide scan angles over the 35 to 40 GHz 
frequency range, with over k50° scanning reported at each 
frequency. Theoretical calculations closely predict the 
observed scan angle across the entire range of measurement. 

I. INTRODUCTION 

In recent years, several researchers have reported 
multiple-beam frequency-scannable antennas based on 
bidirectionally-excited microstrip, CPW, and slotline 
leaky-wave antennas [ l]-[4]. In these approaches, forward 
and backward traveling waves share the aperture of a 
single antenna. Unfortunately, due to their large electrical 
length, microstrip leaky-wave antennas become 
prohibitively lossy at high microwave and millimeter-wave 
frequencies. 

Our investigation extends these multiple-beam 
approaches to millimeter-wave frequencies by introducing 
a novel dual-beam grating antenna with a distribution of 
element widths designed for bidirectional excitation. 
Fixed-frequency beam steering is demonstrated across a 
wide range of frequencies by etching continuous grating 
strips with variable element-to-element spacings onto a 
moveable dielectric film. Experimental results indicate 
that this technique provides over *50” beam steering 
across the 35 to 40 GHz band, with low side lobes and 
good gain flatness across the scans. 

II. CONCEPT&DESIGN 

A general class of leaky-wave antenna may be 
constructed by placing dielectric or conducting strips 
periodically along a dielectric waveguide. These strips 
form a grating that perturbs the energy traveling along the 
guide, exciting leaky modes above the surface that 
determine the nature of the far-field pattern. The radiated 
beam is fan-shaped, being highly directive in the array- 
effect dimension. Assuming the grating strips themselves 
have a negligible effect on the propagation constant along 
the perturbed guide, the angle of radiation in the direction 

forward from broadside can be calculated at any given 
frequency of excitation as a simple function of the guide 
wavelength kg and strip spacing d [5]: 

where &, is the free space wavelength and n, the space 
harmonic (0, *l, *2, ...), is conventionally chosen as -1. 

Earlier beam-scanning studies using this class of antenna 
have focused on scanning 0, by varying the operating 
frequency, which is inconvenient in many system 
applications, or by modulating the propagation constant 
along the dielectric waveguide feed, which typically 
results in narrow bandwidth, significant loss, or limited 
scanning at millimeter wave frequencies. 

A new beam-steering technique, however, has recently 
been invented that overcomes these disadvantages [6]-[7]. 
The idea behind the technique is to scan 9, by directly 
varying the inter-element spacing d. In this study, we 
modify this technique, extending its capabilities to wide- 
scan dual-beam operation. 

Figure 1 illustrates the configuration of the dual-beam 
scanning antenna. A thin, moveable dielectric film is 
extended across a stationary dielectric image line. Two 
Ku-band waveguide transitions bidirectionally feed the 
image line. Other transitions, including microstrip 
transitions [8], may also be used. Continuous metal 
grating strips (depicted as visible in the figure) are etched 
on the underside of the film. The separation distance 
between the grating strips varies linearly from d,,,, to dmh 
along the length of the film. The number of grating strips 
increases as the spacing between strips decreases in order 
to enhance antenna’s scanning efficiency. The widths of 
the strips themselves increase linearly away from the input 
ports to the antenna in order to gradually perturb the 
electromagnetic signals as they propagate along the image 
line. 

The signal injected from Port 1 radiates a beam in the 
+0 dirbction, while the signal injected from Port 2 radiates 
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a beam in the -8 direction. Both beams are E-polarized in 
the z-direction. Shifting the grating layer in the +r- 
direction varies the spacing between the grating strips, 
scanning the radiated beam along 8 in the y-z plane. 

The design featured in this study uses a dielectric image 
line 1.7 mm high, 6.4 mm wide, and 140 mm long. The 
moveable grating film is 0.13 mm thick and 140 mm long 
in the y-direction of Figure 1. The grating film is 258 mm 
long in the x-direction, with the spacing between strips 
varying from d,,,, = 6.36 mm to dmi,, = 3.69 mm along the 
film’s length. A second section of film, used to extend the 
scanning range at 35 GHz, is 54 mm long in the x- 
direction, with the spacing varying along its length from 
d = 6.66 mm to dmin = 5.52 mm. Both the image line 
al; dielectric film are fabricated using RT-Duroid 5880, 
with relative dielectric constant Ed = 2.2. 

III. MEASURED PERFORMANCE 

The scanning antenna of Figure 1 is tested using a Ka- 
band magic tee to combine received CW power from the 
two input ports of the dielectric image line. Since the 
relative phase between the two input signals is not 
controlled in this experiment, the dual beams are not 
scanned to within f5” of broadside. 

Figure 2 illustrates the measured and calculated angles 
for both radiated beams as the element-to-element spacing 
of the perturbing grating is varied along the image line. 
The theoretical curves are generated using Equation (1) 
together with an effective dielectric constant technique [9] 
for calculating the guided wavelength h, along the 
dielectric image line. The calculations closely predict the 
observed scan angle for both beams. 

Over the entire range shown in Figure 2, maximum side- 
lobe levels are at least 10 dB below the main beam. Using 
this conservative criterion to define the scanning range, the 
maximum achievable scan angle is f52” at 35 GHz and 
f5 1” at 40 GHz. In addition, the return loss at each port is 
well below -15 dB across the recorded scanning range. 
The isolation between Port 1 and Port 2 varies from 92 to 
97 percent across the 35 GHz scan and from 88 to 94 
percent across 40 GHz scan. 

Figures 3 and 4 illustrate the E-plane variation in the 
dual-beam radiation pattern at 35 and 40 GHz, 

: respectively. As the separation between grating elements 
decreases, the dual beams steer forward from broadside. 
A highly directive dual-beam radiation pattern is 
maintained across the scanning range, with low side lobes 
and excellent symmetry between the beams. Isotropic 

gains of 18.37 Z!Z 0.75 dB and 18.29 + 1.12 dB are 
observed across the 35 and 40 GHz scans, respectively. 

IV. CONCLUSIONS & DISCUSSION 

This paper has introduced a novel millimeter-wave dual- 
beam scanning antenna. The antenna used a moveable 
grating film extended across a bidirectionally excited 
dielectric image line to achieve wide-angle dual-beam 
scanning across the 35 to 40 GHz frequency range. 
Measured and calculated results for the variation in the 
scan angle were in good agreement. The results should 
have many applications in broadband multibeam 
millimeter-wave beam-control techniques. 
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FRONT VIEW 
(enlarged cross-section) 

TOP VIEW 

SIDE VIEW 

Fig. 1. Configuration of the novel dual-beam scanning antenna. 
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Fig. 2. Measured and calculated scanning angles for both beams. 
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Fig. 3. Beam steering for the dual-beam radiation pattern at 35 GHz. 
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Fig. 4. Beam steering for the dual-beam radiation pattern at 40 GHz. 
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