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Introduction

The notch element is a classic example of a wideband antenna that functions very
well as a stand-alone radiator and also as an element in wideband phased arrays
[1, 2]. Also printed-circuit board manufacturing can be used to create large
arrays. It is also popular in high-power radar applications as well as ultra
wideband military applications, where all-metal designs are typically preferred. In
this paper, a

12: 1 bandwidth all-metal Vivaldi array element design is presented
that can be easily machined from metal sheets and fed via standard SMA coax
connectors. No soldering is required and assembly is simple and modular.

Description

The constraints under which this element was designed included: (1) it should be
all metal, (2) there should be no soldering required for assembly, (3) it should be
fed via a standard SMA connector inserted directly/straight into the back of the
element, (4) achieve a target bandwidth of at least 8: 1, (5) dual-polarized, (6)
assembly should be modular to make it simple to swap array components. What
follows is the design achieved subject to these guidelines.

For fabrication and weight considerations, 6061 Aluminum was chosen as the
base material for construction. Wire-EDM cutting technology was used to shape
the elements from the base metal stock. In order to support a standard SMA
connector with a typical outer diameter of 0.162", common 14"-thick Aluminum
sheet stock was used. In the proprietary feed design of the element, a 0.162"
diameter hole is drilled in the back of the element, through which a standard
bulkhead-type SMA connector is simply inserted and either pressed or bolted in
place without the need for soldering. The elements are structurally much thicker
than common embodiments of tapered-slot designs - approximately 1/3 of the
array cell size, or 1/3 as thick as they are wide. This is done primarily for two
reasons: (1) such that it is possible to create a cylindrical hole large enough for a
coax line that can feed in directly (straight) from the back and (2) it pushes the
undesirable resonant frequency associated with the cavities formed by the element
lattice arrangement well-above the highest frequency of operation.

u.s. Government work not protected by U.S. copyright



element of the dual-polarized 8x8 core. For this central element, Figure 3 shows
the comparison with this synthesized measurement and the infinite design case.
While the agreement is quite good at the high end of the frequency spectrum, it
has not fully converged at the low end of the spectrum due to the limited core
size. Note that this element requires a two-dimensional lattice to function at the
low end of the band. For the same element, Figure 4 shows the comparison
between simulations and measurements for several scan angles.

Discussion

Presented here is a design for an all-metal ultra-wideband antenna element that
can achieve bandwidth of 12: 1. While the design itself is worth reporting in its
own right, this array element was designed as part of a study on low-cost ultra
wide bandwidth arrays reported here. For more robust design validations, finite
array simulations will also be performed to mimic the set of S-Parameters
collected as measured data. For the linear array, it is planned to collect a complete
set of S-Parameters. A meaningful sub-set of S-Parameter measurements are to be
collected from the dual-polarized core as well. Scheduled for the near future are
pattern measurements using a fixed set of static beam formers for several scan
angles over roughly 700MHz to 10GHz. A more comprehensive set of
simulations and measurements are underway and will be presented at the
conference. This work is sponsored by the Office of Naval Research.
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Figure 1. (a) 32-element linear array, (b) dual-polarized 8x8 array
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Figure 2. Comparing the measured VSWR of a central array element in the linear
array to the infinite design case (broadside operation)
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Figure 3. Comparing the measured VSWR of a central array element in the dual
polarized array to the infinite design case (broadside operation)
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Figure 4. Comparing the measured VSWR of a central array element in the linear
array to the infinite design case (several scan angles)


