
The measured circular remittances for the cascade of the two

CSTFs are presented in Figures 5 and 6. Two mutually distinct cir-

cular Bragg regimes are evident in these figures, one with center

wavelength 700 nm and the second with center wavelength 775 nm

at h 5 108. The two circular Bragg regimes of the dual-band circu-

lar-polarization filter match well with the circular Bragg regimes of

the two CSTFs individually for h� 458, but overlap somewhat for

more oblique incidence of light. Hence, this cascade of two CSTFs,

that are made by evaporating the same material and differ essen-

tially in their helical periods, can serve as a dual-band circular-

polarization filter for a wide h -range. The center wavelengths of

both circular Bragg regimes vary as cos1/2 h for h� 458, which

means that angle tuning is possible with a 68% spectral range.

However, the peak values of the difference TLL–TRR in the

both circular Bragg regimes of the CSTF cascade are somewhat

lower than those for the two CSTFs individually in their respec-

tive circular Bragg regimes. This is undoubtedly due to higher

absorption of incident LCP light during traversal through the

5.24-lm-thick cascade of two CSTFs than separately through

each of the CSTFs (each of which is about half as thick as the

CSTF cascade). Nevertheless, with somewhat different choices

of the vapor flux angle vv and the helical period for each of the

CSTFs, the banding of TLL in Figures 2 and 4 suggests that the

dual-band filtering performance for normal as well as for signif-

icantly oblique incidence of light can be enhanced without hav-

ing to deposit the two CSTFs of two different materials.

To conclude, a cascade of two different CSTFs of zinc selenide

was deposited on a glass slide using the serial bideposition tech-

nique [9]. Spectra of the circular reflectances and transmittances

confirm that the cascade can be used as a dual-band circular-polar-

ization filter for a wide range of the angle of incidence, which fea-

ture also permits angle tuning. An examination of the transmission

spectra allows us to conclude that optimization is possible by

proper selection of the vapor flux angle and the helical period of

the two chiral STFs. The incorporation of impedance-matching

layers on the tow faces of the device is expected to reduce the

cross-polarized remittances and further improve performance.
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ABSTRACT: A wideband columnar antenna featuring a radiating slot
cut around the outside circumference of a rectangular waveguide is pre-

sented. The antenna operates effectively in the frequency band of 1.51–

Figure 5 Measured spectrums of the four circular reflectances of the

dual-band circular-polarization filter for u � [108, 708]. [Color figure can

be viewed in the online issue, which is available at wileyonlinelibrary.

com.]

Figure 6 Measured spectrums of the four circular transmittances of the

dual-band circular-polarization filter for u � [08, 708]. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]
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4.75 GHz. The antenna also exhibits a reasonably good omnidirectional

pattern in the horizontal plane, with predominantly vertical polarization.
The antenna is suitable for use with access points in wireless networks.
VC 2016 Wiley Periodicals, Inc. Microwave Opt Technol Lett 58:2384–

2387, 2016; View this article online at wileyonlinelibrary.com. DOI

10.1002/mop.30055

Key words: wideband antennas; columnar antennas; slot antennas;

omnidirectional antennas

1. INTRODUCTION

Wideband and multiband antennas featuring omnidirectional

radiation pattern in the azimuthal plane are often required in

modern commutations systems. Recently, a number of innova-

tive columnar designs of single-band [1–5] and multiband [6]

omnidirectional antennas have been proposed for use as MIMO

antennas [1–4], slot antenna array [5], and access point antennas

[6]. They feature one or several slots cut in the metallic walls of

the columnar structure. The columnar design is slender and

hence more compact than competing monopole antenna designs,

which usually require a large ground plane.

In the work reported in this article, we expand upon the

designs and goals of Refs. 1–6. Specifically, we strive to design

a wideband columnar antenna that covers the entire 1.7–

3.7 GHz band, thereby covering not only all the bands covered

by the antenna of Ref. 6, but also the 2.29–2.3 GHz, 2.31–

2.39 GHz, 2.45–2.484 GHz (WLAN), and 2.7–2.9 GHz bands.

The antenna will also cover the 2.7–2.9 GHz band, which is one

of the target new bands for mobile services. To this end, we

propose a columnar antenna that consists of an available rectan-

gular waveguide. A single horizontal slot, which is cut around

the outside circumference of the waveguide, and fed by a micro-

strip line serves as the radiating element. To achieve a wide

operational band ranging from 1.7 to 3.7 GHz, we follow the

idea suggested in Ref. 7 and applied in other designs of slots

that are both planar straight [8–15]. The idea is to excite several

partially overlapping impedance-matched frequency bands

within the desired bandwidth by a proper choice of the slot

length and feed-point position. Here, we apply this idea to a

non-planar multi-bent slot. We also surmise that the mutual cou-

pling between the segments of the non-planar multi-bent slot

would foster a wider bandwidth.

The resultant antenna was found to cover the band of 1.5–

4.75 GHz, which is even wider than the sought-after one. Also,

as could be expected from the geometry of the radiating slot,

the antenna was found to have a reasonably good omnidirec-

tional radiation pattern in the azimuthal plane.

The outline of the article is as follows. The antenna design is

described in Section 2. Simulation and measuring results are pre-

sented in Section 3. Some concluding remarks are given in Section 4.

2. ANTENNA DESIGN

In the proposed columnar antenna design, we use a 55 mm long

segment of a standard WR-90 rectangular waveguide with inner

cross-sectional dimensions of 22.86 3 10.16 mm2 and wall

thickness of a 1.27 mm. We choose this waveguide because its

outside circumference of 71.32 mm is close to half of the wave-

length of the lowest frequency in the sought-after band. Metallic

caps close the top and bottom of the waveguide segment. The

interior walls of the waveguide are covered with plates of a

TACONIC TLY-0-0310 (relative permittivity er5 2.45, loss tan-

gent tan d 5 0.0009, and thickness of 0.8 mm) from which the

copper cladding was removed. In the middle of this segment

and around its outside circumference we cut a radiating slot.

The dielectric plates render the electric length of the slot longer

than its physical length. The plate covering the interior side of

the front wall of the waveguide serves also as a substrate for a

50 Q microstrip feed line. The front, back, and interior views of

the CST model of the antenna as well as the geometry of the

slot obtained based on the simulations is illustrated in Figures

1(a) and 1(b), respectively. The slot is 90 mm in total length

and 2.5 mm in width. It comprises horizontal part and two

upward-bent ends, which allow the slot length to exceed the

waveguide circumference. The antenna feed line and all the

parts attached to it are clearly shown in Figure 1(c). The axis of

the microstrip feed line in the final design is shifted by an offset

distance of 6 mm from the center of the front waveguide wall.

The upper end of the feed line is short-circuited to the front

wall of the waveguide, just above the slot, while its lower end

is soldered to the male pin of an SMA connector attached to the

bottom part of the front wall of the waveguide. The four legs of

Figure 1 CST model of the proposed antenna. (a) Front perspective

view. (b) Back perspective view. (c) Perspective view from the bottom

side (with bottom cap removed). [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]

Figure 2 Simulated (gray) and measured (black) plots of the magni-

tude of S11 of the proposed antenna
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