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A Dielectric Slab Rotman Lens
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Abstract

A new type of a Rotman lens is presented in this paper for millimeter-wave applications, such as collision avoidance
radar. A dielectric slab Rotman lens is proposed to reduce the conductor loss and to create an appropriate form for
favorable implementation at millimeter-wave frequency. The proposed lens consists of a dielectric slab and slot lines
whereas the conventional lenses are constructed with parallel conducting plates. The dielectric slab Rotman lens excited
in TEy mode shows a high degree of confinement for the fields, low dispersion, and has an appropriate feed structure.
A prototype lens has been designed and fabricated with 9 beam ports and 9 array ports together with 9 tapered slot
antennas, This lens has been tested in the range from 10 GHz to 15 GHz and the measured beam widths are about
15° at 13 GHz. The measurements also show low mutual coupling between beam ports and an efficiency of about
34.6 %. The overall performance is comparable to that of conventional Rotman lenses even though the prototype was
tested at lower than desired frequencies in the microwave frequency range due to our limited resources for fabrications
and measurements. It is expected that at millimeter-wave frequency the dielectric slab Rotman lens will have lower
conductor Joss and lower mutual coupling than conventional Rotman lenses.
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Fig. 1. Geometry of a dielectric slab.
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Fig. 2. Normalized electric field distributions(,) of the
lowest two TE modes, TEy and TE,, across the
dielectric slab with ¢,=102 and 2t=5.715
mm at 15 GHz.
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Table 1. Design parameters fo dielectric slab Rotman

lens.
Design parameters Values
Design frequency 15 GHz
Focal angle 30°
Scanning angle 35°

Ratio of focal lengths| 1.078

9 TSAs(spacing of 0.5 1)
80 mm(4 1)

Polarization of array | Horizontally on H-plane
Substrate RO3010 e~10.2, t=0.635 mm

Antenna array

Length of array

Lens medium
(Dielectric slab)

| Offaxis focal length | 22857 mm

€ = 8.59 for TE,, £=15.715 mm
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Fig. 3. Geometry of the dielectric slab Rotman lens
with tapered slot antenna array.
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Fig. 4. Fabricated lens on RO3010( ¢ ,=10.2, 1=0.635
mm) with additional layers of the lens medium
(#=35.715 mm).
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Fig. 5. Beam patterns measured at 13 GHz at which
the sweeper power was 7.62 dBm.
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Fig. 6. Variations of measured coupling as a function
of frequency.
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P, P,=transmitting and receiving powers

G, G.=gains of antenna(G,=edD;, G,=eD))

I, I =reflection coefficients

R = distance between transmitting and receiving
antennas

8= half power beamwidth(in degrees)
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Table 2. Comparison between dielectic slab Rotman
lens and conducting plate Rotman lens.

Conduct. plate

Dielect. slab

Conductor loss

Relatively high

Relatively low

Mutual coupling o U
Transition
between a lens Necessary Not necessary
and TSA

Lo TSA and the lens on| TSA and the lens
Fabrication

the opposite plane

on the same plane
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