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1. 서 론

Recently, a long-term evolution (LTE)

multiple-input multiple- output (MIMO) has been

reported to enhance the communication service

for transportation such as roadways and railways

[1-5]. Furthermore, with the development of

wireless communication services requiring

broadband characteristics, such as

software-defined radio (SDR) and cognitive radio

(CR), the demand for broadband antennas has

increased.

In order to measure SDR as well as

LTE-MIMO, the discone antenna could be utilized

for source antenna since the operating frequency

band is broad and a 50-Ω feeder cable is

connected to the antenna directly [6-7]. Especially,

discone antenna has the omni-directional pattern

[8].

A discone antenna was proposed in 1946 [9],

which is composed of a disk, cone, and a feeder

cable. The disk must be separated from the cone,

while a conductive disk is usually thin and flat.

Consequently, the disk is weak, so the disk

antenna should be protected by a dielectric

material, such as a radome or dielectric cover

[10].

In this study, dielectric materials were used to

support the disk of a discone antenna, and their

effects on the reflection coefficient and gain were

examined. The influence of several parameters of

the dielectric gap- and side-supports was

examined using electromagnetic simulations.
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2. Antenna Geometry and Simulation

2.1 Antenna Geometry

Figure 1 shows the geometry of a discone

antenna with dielectric supports. The cylindrical

symmetry is easily imagined, as shown below in

a photograph of the fabricated antenna. The

antenna is fed with a 50-Ω coaxial-line: its

inner conductor is connected to the metallic disk,

while its outer conductor is connected to the

conductive flared cone. The cone is Hc = 49.8

mm high, and has a bottom diameter of Dc =

51.9 mm and a top diameter of Dg = 5.0 mm.

The disk is Dd = 38.0 mm in diameter and 1.0

mm thick.

Fig. 1. Geometry of a discone antenna 

with dielectric supports

The disk of a discone antenna should be

supported by a dielectric material, such as the

gap- and side-supports shown in Fig. 1. The

dielectric gap support is placed between the top

of the cone and disk. The gap support is Tg =

1.0 mm thick, and its diameter Dg is identical to

that of the top of the cone. The dielectric side

support is placed around the circumference of

the disk at a distance from the center of Rs =

19.5 mm. The side support is cylindrical, with a

height of Hc = 39.2 mm and thickness of 1.0

mm. The gap- and side-supports are made of

Teflon, which has a permittivity of εr = 2.1 and

loss tangent of tanδ = 0.001.

2.2 Simulation Results

As shown in Fig. 1, the gap and size

supports are necessary to keep the disk flat.

Their effects were investigated by sweeping

several parameters. First, the influence of a

dielectric gap support was simulated using

ANSYS HFSS [11]. The reflection coefficient

(S11) and gain at θ = 90° and φ = 0° are

shown in Fig. 2. Here, no side support was

included in the simulation. The reflection

coefficient described in this paper is the ratio of

the reflected wave to the incident wave [7-8].

The gain is the multiplication of directivity and

efficiency, in which the directivity is how much

directive compared to the isotropic pattern [7-8].

The performance of S11 and the gain decreased

with a gap support, although the performance

was restored when the gap support thickness

was increased from Tg = 1.0 to 1.5 mm.
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Fig. 2. Reflection coefficient and gain with or without a 

gap support

Second, the influence of the dielectric side

support was examined. The reflection coefficient
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(S11) and gain at θ = 90° and φ = 0° are

shown in Fig. 3. The simulated model did not

include a gap support. With a side support, the

performance of S11 and the gain was similar

until 3.0 GHz; above 3.0 GHz, it depended on

Rs. Interestingly, the gain at 4.0 GHz was about

–10 and 0 dBi for Rs = 10 and 19 mm,

respectively, so there could be an optimum

value. In this paper, Rs was set at 19 mm since

the disk was well protected when Rs = Dd/2.

Third, the effect of the thickness of the side

support, Ts, was investigated. Three models

with different Ts were simulated. The gap

support was not included in these simulation

models. As Fig. 4 shows, the S11 curve was

below –10 dB from 1.5 GHz, while the gain

curves differed slightly around 3.5 GHz.
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Fig. 3. Reflection coefficient and gain with or without 

a side support
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Fig. 4. Reflection coefficient and gain versus the 

thickness of the side support

3. Fabricated Results

A discone antenna with gap- and

side-supports of the optimum geometry was

fabricated and tested. Figure 5 shows the

fabricated antenna without and with a

side-support. Here, a gap support was inserted

to maintain the gap of the fabricated antenna.

 (a)                 (b)

Fig. 5. Photograph of fabricated discone antenna (a) 

with and (b) without a side-support

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
-25

-20

-15

-10

-5

0

 measured (w/o side-supp.)
                  (w/   side-supp.)

 

 

Re
fle

ct
io

n 
co

ef
fic

ie
nt

, S
11

[d
B]

Frequency [GHz]

Fig. 6. Measured reflection coefficient with or without 

a side-support of optimized discone antenna
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Fig. 7. Measured gain with or without a side-support 

of optimized discone antenna
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Fig. 6 shows the measured reflection

coefficient. The measured reflection coefficients

with side-support showed the similar results

without side-support until about 3.0 GHz; above

3.0 GHz, they differed.

Figure 7 shows the measured gains, both

with and without a side support. Here, the gain

was achieved at θ = 90° and φ = 0°. The two

sets of results showed good agreement. As

discussed above, the gain was similar below 3

GHz, but differed above 3 GHz.

4. Conclusion

In this paper, the effects of a dielectric gap-

and side-supports on a discone antenna were

investigated. These showed that the thickness of

the gap support affected the reflection coefficient

S11. An offset of the side support from the

center also affected S11 and the gain; the effect

was slight below 3 GHz and significant above 3

GHz. The thickness of the side support did not

affect S11 or the gain much. The results

measured with the fabricated antenna were

similar to the simulation results. Therefore,

dielectric gap-and side-supports can be used to

support and protect the disks of discone

antennas used in LTE MIMO chamber.
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