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BROADBAND MONOPOLE ANTENNA 

STATEMENT OF GOVERNMENT INTEREST 

[0001] The invention described herein may be manufactured and 

used by or for the Government of the United States of America 

for governmental purposes without the payment of any royalties 

thereon or therefor. 

 

CROSS REFERENCE TO OTHER PATENT APPLICATIONS 

[0002] United States Patent Application Ser. No. 15/220,692 

filed on July 27, 2016 is incorporated by reference herein.  

 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0003] The present invention is directed to a monopole 

antenna having enhanced broadband characteristics.  

(2) Description of the Prior Art 

[0004] A focus of existing research has been modification of 

a simple monopole antenna operating near 2.5 GHz to obtain an 

octave of bandwidth.  One solution for this is given by Werner 

et al. in United States Patent Publication No. 2014/0104136 A1, 

entitled “Broadband Monopole Antenna Using Anisotropic 

Metamaterial Covering.” Their method works by surrounding the 

monopole antenna with an electrically thin layer of an 
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engineered material having a non-isotropic dielectric tensor 

whose dominant axis is aligned with the z direction, the axis of 

the antenna inside. The material is indicated as having multiple 

resonances with at least one resonance above that of the 

uncoated monopole. In this antenna, the diameter of the 

engineered material cylinder is much smaller than the shortest 

wavelength of operation.  It further indicates that the 

engineered material cylinder should be coaxial with the 

monopole.  While it teaches that many cross-sectional shapes 

could be used for the engineered cylinder, only circular 

cylindrical structures are shown.  Furthermore, only cylinders 

which completely cover the antenna along its entire length are 

taught. 

[0005] It is suggested that bandwidth characteristics of a 

monopole can be improved by a variety of structures and means. 

SUMMARY OF THE INVENTION 

[0006] It is a first object of the present invention to 

provide a monopole antenna having improved bandwidth. 

[0007] Another object is to provide such an antenna having an 

external shape that can conform to environmental installation 

requirements. 

[0008] Accordingly, there is provided an antenna capable of 

being joined to an antenna feed perpendicular to a ground plane 
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that includes a monopole extending perpendicularly from the 

ground plane. The antenna feed is joined to the monopole. An 

innermost shell is provided about the monopole.  The innermost 

shell is made from a dielectric material having a dielectric 

tensor with high permittivity in the direction of the monopole 

axis, and a low permittivity in the plane orthogonal to the axis 

of the antenna.  An intermediate shell provided outside the 

innermost shell.  The intermediate shell also has dielectric 

tensor having high permittivity in the direction parallel to the 

monopole axis and a low permittivity in the plane orthogonal to 

the axis of the antenna.  An outermost shell is provided having 

a perimeter approximately equal to the length of the monopole.  

The outermost shell also has a dielectric tensor with high 

permittivity in the direction of the monopole axis and a low 

permittivity in the plane orthogonal to the axis of the antenna.  

  BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Reference is made to the accompanying drawings in 

which are shown an illustrative embodiment of the invention, 

wherein corresponding reference characters indicate 

corresponding parts, and wherein: 

[0010] FIG. 1 is a cut away perspective view of a first 

embodiment of the antenna. 
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[0011] FIG. 2A shows a first embodiment of an anisotropic 

material. 

[0012] FIG. 2B shows a second embodiment of an anisotropic 

material. 

[0013] FIG. 3 is a graph of VSWR versus frequency for a prior 

art monopole antenna. 

[0014] FIG. 4 is a graph of VSWR versus frequency for the 

first embodiment of the antenna. 

[0015] FIG. 5 is a perspective view one embodiment of a 

second embodiment of the antenna. 

[0016] FIG. 6 is a perspective view of a third embodiment.  

[0017] FIG. 7 is a perspective view of a fourth embodiment 

with hidden lines showing internal details. 

[0018] FIG. 8 is a perspective view of a fifth embodiment 

with hidden lines showing internal details. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] FIG. 1 depicts a cut away view of an antenna 10 in 

accordance with a first embodiment of the invention.  Antenna 

includes a central monopole 12 surrounded by a series of shells 

14, 16 and 18 of anisotropic dielectric material. In this 

embodiment, each of the shells 14, 16, or 18 is cylindrical in 

cross section and sits on a ground plane 20. Monopole 12 is 

joined to a feed 22. 
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[0020] The axes of the shells 14, 16, and 18 are 

perpendicular to the surface of the ground plane 20. Each of the 

shells 14, 16 or 18 has a different radius and can have a 

different thickness and be made from a material having different 

dielectric properties; however, there may be instances in which 

two or more of the shells are composed of the same material. In 

this embodiment, the innermost shell 14 extends just beyond the 

height of the monopole 12 inside. Intermediate shell 16 is 

shorter in height than innermost shell 14.  Outermost shell 18 

is shorter than intermediate shell 16. Outermost shell 18 has a 

circumference that roughly equals the length of monopole 12.  

[0021] Theoretically, innermost shell 14 aids monopole 12 at 

the lower end of the operating band, since it covers the length 

of the entire monopole. Intermediate shell 16 aids mid-band, 

where less of monopole 12 is active. Outermost shell 18 can be 

the shortest since a shorter region of the central monopole is 

active. Active means contributing to the radiation effect. As 

frequency increases, wavelength decreases and so does the 

effective length of the monopole. By having shorter shells, this 

arrangement reduces the material required for the shells and 

also reduces the physical profile of the antenna allowing this 

embodiment to fit within a tapered radome.  It has been found 

that a plurality of shells allow tailoring and broadening of 

monopole 12’s bandwidth, and that these shells need not be 
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comprised of the same material, nor be of a height that 

completely envelops the monopole inside. 

[0022] Each of the anisotropic shells is comprised of an 

anisotropic material having a diagonal dielectric tensor where 

only one of the components is greater than unity.  In this case, 

that component is in the z direction so as to be parallel with 

the axis of monopole 12. This anisotropic material is 

characterized by a relative permittivity tensor: 

𝜀�̅�(𝜔) = [ 

𝜀𝑥𝑥 0 0
0 𝜀𝑦𝑦 0

0 0 𝜀𝑧𝑧

]  (1) 

where the material is considered to be highly anisotropic if one 

of the diagonal elements in the tensor is greater than the other 

two by a factor of at least eight to ten.  In other words, these 

shells should be made from a dielectric material having a 

dielectric tensor with high permittivity in the direction of the 

monopole axis, and a low permittivity in the plane orthogonal to 

the axis of the antenna.   

[0023] As shown in FIG. 2A and FIG. 2B, this material can be 

implemented as an array of conductive stripes 24 in FIG. 2A and 

24’ in FIG. 2B deposed on a dielectric material 26.  In FIG. 2A, 

conductive stripes 24 have horizontal portions at the ends of 

the vertical portion.  In FIG. 2B, stripes 24’ are vertical 

stripes.  In one embodiment, the length-to-width ratio of the 

stripes gives them a static polarizability of approximately 10 
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times that of free space, satisfying the definition of an 

anisotropic material.  This material is utilized at frequencies 

well below its resonance frequency.   

[0024] FIG. 1 shows an embodiment using an array of high 

dielectric constant rods 28 as shown in outermost shell 18 as 

the anisotropic material.  Rods 28 are retained in a cylindrical 

configuration by holder 30.  Other retaining apparatus can be 

used.  For example, rods 28 can be embedded in a solid material. 

[0025] It is also preferred that shells 14, 16, and 18 be 

strongly polarizable in one direction relative to the other two 

directions by a factor greater than or equal to approximately 

5:1. This polarizable direction should be oriented parallel to 

the axis of monopole 12 for all shells in use. 

[0026] A prototype of the first embodiment of antenna 10 was 

tested.  In this prototype, monopole 12 is 1.25 inches in 

diameter and 22 inches long.  Monopole 12 is fed by feed 22 

above a 10 inch diameter aluminum ground plane 20 by a C-type 

coaxial connector beneath ground plane 20. Three shells 14, 16 

and 18 are positioned about monopole 12. Innermost shell 14 is 2 

inches in diameter and 24 inches long.  This shell 14 was formed 

using a sheet of copper I-shapes printed on a polyethylene 

substrate as the anisotropic material. This shell material is 

shown in FIG. 2A. The I-shapes 24 are 9/16 inches tall by 1/8 

inches at the base.  The conductive strip is 1/16 inches wide.  
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The shapes are separated by 1/32 inches.  This material was used 

in the prototype used to create the graph of FIG. 4. FIG. 2B 

shows a sheet having straight vertical stripes 24’ with similar 

dimensions. This pattern is also believed to be effective.  

Anisotropic material sheets could be formed in different 

patterns.  For example conductive shapes could be “J” shapes, 

“T” shapes or other shapes that are longer in the vertical 

direction than in the horizontal direction.  

[0027] The sheet is wrapped around a plastic tube to give it 

form, and the tube is cemented to ground plane 20 with epoxy. 

Intermediate shell 16 uses two sheets of copper I-shapes with 

one sheet positioned on the exterior of a polyvinylchloride pipe 

with a wall thickness of 1/8” and the other sheet positioned on 

the interior of the pipe.  Intermediate shell 16 is 18 inches 

long and 3 inches in diameter.  Outermost shell 18 is 6.5 inches 

in diameter and is composed of an array of zirconium oxide rods 

28 having a dielectric constant of about 30 arranged in a 

regular circular array.  Each rod is ¼ inch in diameter and 12 

inches long. The rods are spaced 15 degrees of arc apart around 

the circumference of the 6.5 inch outermost shell 18 diameter. 

(Note that this arrangement gives an outer diameter of 7” to the 

rod array, making its circumference approximate the 22” length 

of the monopole inside.) To hold the rods 28 in place, holders 
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30 made from low dielectric constant (~1.5) syntactic foam are 

used. 

[0028] Data on the voltage standing wave ratio (VSWR) are 

presented in FIG. 3 and FIG. 4. FIG. 3 shows the VSWR for the 

monopole alone. Box 32 indicates the primary pass band for the 

monopole antenna.  FIG. 4 provides the VSWR for the prototype 

antenna shown in FIG. 1.  Box 34 provides the primary pass band 

for the antenna according to this embodiment. This analysis 

shows that modification as shown by the prototype of FIG. 1 

effectively tripled the bandwidth of the monopole antenna. 

[0029] Experimentation has shown that the number of shells 

needed appears to depend on the diameter of the inner monopole. 

In the case of a small diameter monopole, more shells need to be 

positioned within the outermost shell to obtain improved 

bandwidth. With a larger diameter monopole, fewer are needed. It 

is theorized that this is caused by the higher amounts of 

reactive stored energy in the smaller diameter monopoles. 

[0030] An alternative embodiment shown in FIG. 5 has also 

been tested.  In this embodiment of the antenna 10’, innermost 

shell 14 and intermediate shell 16 are offset from monopole (not 

shown) inside innermost shell 14.  Likewise, outermost shell 18 

is offset from intermediate shell 16.  Thus, the central axes of 

shells 14, 16 and 18 do not coincide with that of monopole.  

Upon testing, it was found that the VSWR response of antenna 10’ 
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of FIG. 5 is not significantly different from the case where the 

shells are all centered on the monopole, antenna 10 of FIG. 1. 

This is significant since it indicates that this approach is 

tolerant of manufacturing errors/offsets/tolerance stack-up. 

[0031] FIG. 6 provides another alternate embodiment of an 

antenna 36.  As in the previous embodiment, monopole is 

surrounded by innermost shell 38.  In this embodiment, 

intermediate shell 40 and outermost shell 42 have an elliptical 

cross-section instead of the circular cross-section shown in the 

first embodiment.  Outermost shell 42 is further pictured as a 

shell having an anisotropic layer rather than the rod array 

shown in FIGS. 1 and 5.  Monopole and shells 38, 40, and 42 are 

positioned above a ground plane 44. 

[0032] The shells are not required to be circular cylinders 

but can be any shape such as an elliptical cylinder. It is 

believed that the same broadband behavior can be obtained when 

the cross section is elliptical, rectangular, or most any simple 

smooth closed curve.  One requirement, however, is that the 

shells must remain right cylinders with their axes parallel to 

each other and normal to the ground plane.  The perimeter of the 

outermost shell needs to be approximately equal to the length of 

the monopole. 

[0033] It is worth noting that the method of this invention 

can be made to work when the shells are all comprised of the 
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same material and of the same height, that height being chosen 

to slightly exceed the height of the monopole. FIG. 7 shows such 

an antenna 46.  Monopole 12 is 18” long and is surrounded by 

three shells: innermost shell 48, intermediate shell 50, and 

outermost shell 52. Each shell 48, 50 and 52 uses the same 

printed copper pattern to obtain anisotropy. As before these are 

provided above a ground plane 54. Upon testing, VSWR of this 

antenna 46 provided similar bandwidth to the embodiment shown in 

FIG. 1. 

[0034] FIG. 8 provides yet another alternate embodiment of an 

antenna 56 has an outermost shell 62 with a teardrop cross-

sectional shape adapted for fluid flow around the antenna.  

Intermediate shell 60 is adapted to be in conformance with 

outermost shell 62.  Innermost shell 58 is shown as having a 

circular cross-section, but it could be in conformance with 

intermediate shell 60 or any cylinder having a smooth closed 

cross-sectional curve.  In this embodiment, innermost shell 58, 

intermediate shell 60, and outermost shell 62 are all the same 

axial length.  This common length is sufficiently longer than 

monopole 12 to capture substantially all radiation.  As before, 

antenna 56 includes a ground plane 64.  This embodiment is 

expected to provide substantially the same broadened bandwidth 

as the previous embodiments.  
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[0035] It will be understood that many additional changes in 

the details, materials, steps and arrangement of parts, which 

have been herein described and illustrated in order to explain 

the nature of the invention, may be made by those skilled in the 

art within the principle and scope of the invention as expressed 

in the appended claims. 

[0036] The foregoing description of the preferred embodiments 

of the invention has been presented for purposes of illustration 

and description only. It is not intended to be exhaustive, nor 

to limit the invention to the precise form disclosed; and 

obviously, many modification and variations are possible in 

light of the above teaching. Such modifications and variations 

that may be apparent to a person skilled in the art are intended 

to be included within the scope of this invention as defined by 

the accompanying claims. 
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BROADBAND MONOPOLE ANTENNA 

ABSTRACT OF THE DISCLOSURE 

An antenna capable of being joined to an antenna feed 

perpendicular to a ground plane includes a monopole extending 

perpendicularly from the ground plane. The antenna feed is 

joined to the monopole. An innermost shell is provided about the 

monopole.  The innermost shell is made from a dielectric 

material having a dielectric tensor with high permittivity in 

the direction of the monopole axis.  An intermediate shell 

provided outside the innermost shell.  The intermediate shell 

also has dielectric tensor having high impedance in the 

direction parallel to the monopole axis.  An outermost shell is 

provided having a perimeter approximately equal to the length of 

the monopole.  The outermost shell also has a dielectric tensor 

with high impedance in the direction of the monopole axis.  










