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Thin Leaky Coaxial Cable LCX-5D for 2.4 GHz
Wireless LAN

Fumio Suzuki1

The conventional leaky coaxial cable (abbreviated as LCX hereinafter) is designed on the 
premise that it is used for long distance where the cable is laid inside a tunnel, along railroad, 
etc. In order to obtain low transmission loss, outer diameter is as thick as 15 to 60 mm, making 
it heavy. Therefore, special technology is required for cable laying work. However, recently, 
there have been growing needs for employing LCX as an antenna for wireless LAN, which can 
be installed easily and whose communication can be limited to short ranges such as within an 
office or conference room. 

Fujikura has developed a thin and lightweight LCX-5D that is able to secure a stable 
communication area near LCX, whose outside diameter is 7 mm and whose weight is 65 
g/m. We evaluated electrical characteristics, including electromagnetic wave radiation 
characteristics, environment resistance, and mechanical characteristics, and confirmed the 
superior performances.

1. Introduction
An LCX is laid along a railway for communication 

between the ground and train, or in an underground 
shopping mall and a tunnel for disaster prevention 
wireless system. It is a coaxial cable type antenna prov-
en for a half century by virtue of its excellent solidity 
enduring long term outdoor use, simplicity of mainte-
nance, etc. 1)2) The communication coverage area of a 
conventional LCX was long and wide, several hundred 
meters in length and several dozen large meters in 
width. In addition, special construction was required 
to lay LCX.

These days, many small communication areas such 
as offices and conference rooms are using wireless 
LAN. In such a small communication area, it is neces-
sary to secure communication within the area, and to 
prevent leakage of confidential information to the out-
side. However, with a general antenna, there is a pos-
sibility of leaking electromagnetic waves when increas-
ing transmission power to ensure reliable 
communication. Therefore, demand exists for LCX 
that can form a stable communication area in the vicin-
ity of the cable. Since the length of LCX used in a small 
communication area is about 10 m long at the longest, 
thick LCXs such as LCX-10D, -20D, -43D were unnec-
essary, and a thin, light LCX featuring excellent han-
dling is required. Therefore, we have developed LCX-
5D, which is the most lightweight and thin among 
existing LCXs, having characteristics equivalent to the 
radiation characteristics of conventional LCXs.

2. Structure 
The appearance of LCX-5D is shown in Fig. 1.  Fig. 2 

shows the structure. A center conductor of diameter 2 
mm is surrounded with a foam insulator of diameter 5 
mm, and an outer conductor is longitudinally wrapped 
on it, and covered with halogen-free, flame-retardant 
polyethylene whose outer diameter is 7 mm. Elongat-
ed holes called slots are arranged periodically on the 
outer conductor, and electromagnetic wave signals of 
the inside and outside of the LCX are transmitted and 
received through there. 3)

The design method used for zigzag slot type , which 
is traditionally used, was adopted. 4) Many radiation 
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Fig. 1. Appearance of LCX-5D.

Fig. 2. Structure and dimensions.
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modes exist in an LCX. The image of a radiation wave 
from LCX is shown in Fig. 3. A radiation wave advanc-
es by virtue of each slot serving as a minute wave 
source, in the direction where phases align. The incli-
nation q, which is the direction toward which the radi-
ation wave advances, from the normal direction of LCX 
is called angle of radiation. The developed LCX-5D, at 
frequency 2.4 GHz, is considered to emit only the low-
est order mode, so as to stabilize the electromagnetic 
wave intensity from LCX. This mode is radiation wave 
of Ef polarized wave, which has an electric field com-
ponent of the circumferential direction f from LCX as 
the axis. 

The conditions from which Ef polarized wave turns 
into a radiation wave are expressed by formula (1), 
and angle of radiation qf, -1 polarized wave of the low-
est order m= -1 mode can be calculated by formula 
(2).
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Note that P is pitch of the slot, l0 is free space wave-
length, lg is wavelength in cable, bg and k0 are phase 
constant inside the cable and space respectively, and 
where bg=2p/lg=2p εr /l0, k0=2p/l0, and er is relative 
permittivity of insulator. The developed LCX-5D is de-
signed as a backfire type whose direction of radiation 

turns to the incident power side at q of -25 degrees.
Generally, transmission and receiving characteris-

tics of LCX are indicated by coupling loss Lc. Coupling 
loss is calculated by formula (3) from the output power 
Pout of the half-wavelength standard dipole antenna at 
a certain distance away from LCX and the incident 
power Pin to LCX.

 L log Pout
PinC = - ( )10 dB  …… (3)

Since the total losses between the incident end of 
LCX and the antenna at the mobile side can be deter-
mined from the length of LCX, transmission loss, cou-
pling loss, and the distance from LCX to mobile body, 
the radio system which uses LCX can be designed. 
The form of a slot of the developed LCX-5D was deter-
mined to have pitch, angle, length, and width to attain 
a coupling loss of 60 dB at the position 1.5 m away 
from the LCX.

3. Connector 
Since the structure of LCX-5D was new and the con-

ventional connector could not be used, we developed a 
connector for exclusive use. The structure of the con-
nector was SMA type commonly used in microwave 
frequency band, and characteristic impedance was set 
at 50 W. The configurations of the connector end are 
prepared in two kinds, such as plug and jack. The ap-
pearance of the connector is shown in Fig. 4.

4. Electrical characteristics
Table 1 shows the measured values of coupling loss, 

transmission loss, voltage standing wave ratio (VSWR), 
and characteristic impedance of LCX-5D developed 
this time, which are the typical electrical characteris-
tics. Coupling loss, transmission loss, and the voltage 
standing wave ratio are measured at 2.4 GHz. The 
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Fig. 3. Radiation image from LCX.

Coupling loss (dB) 60

Transmission loss (dB/m) 0.46

Voltage standing wave ratio < 1.2

Characterristic impedance (W) 51

Table 1. Electrical characteristics of LCX-5D.

Fig. 4. SMA-type connectors for LCX-5D.
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measurement system of coupling loss is shown in Fig. 
5. The measured coupling loss is a value at a distance 
1.5 m away from the LCX. Transmission loss is 0.46 
dB/m at 2.4 GHz, and its frequency characteristic is 
shown in Fig. 6.

5. Coupling loss 
The result of measured coupling loss distribution 

against Ef polarized wave around LCX-5D for the pur-
pose of grasping the radiation directivity of LCX-5D is 
shown in Fig. 7. An LCX of length 3 m was placed on 
the wave absorber inside a radio-frequency anechoic 
chamber, and the coupling loss was measured by a 
coupling loss measurement system (Fig. 5). The mea-
surement range is 0 - 5 m in the axial direction (z), 
and 0.25 - 2.25 m in the radial direction (r) of the LCX. 
The LCX was set at a position of x=1 to 4 m, as shown 
in Fig. 7.

From Fig. 7, as designed, the radiation directivity 

incline at about -25 degrees to the normal line from 
LCX to the feeding side. It is of backfire type. In addi-
tion, coupling loss was about 60 dB at r=1.5 m as de-
signed. Note that in a backfire type LCX, coupling loss 
increases rapidly, at its terminal end, as the distance 
from the LCX increases, and a dead zone is generated. 
Also, coupling loss of Ez polarized wave is about 10 dB 
higher than coupling loss of Ef polarized wave, and ra-
diation is weak. However, note that radiation of Ez po-
larized wave exists near the terminal end due to dis-
continuity of LCX.

Figure 8 shows fluctuations of coupling loss in the 
direction of z at the positions of r=0.5 m, 1.0 m, and 1.5 
m from the LCX. The fluctuations of coupling loss in 
the radiation directivity are controlled within 5 dB, and 
this value is almost the same as that of the conven-
tional LCX-10D or LCX-20D.

6. Environment resistance, mechanical strength 
The LCX was subjected to a high temperature resis-

tance test (80°C), a high temperature and high humid-
ity resistance test (80°C, 85%RH), a low temperature 
resistance test (-40°C), and a thermal shock test (-40 
°C, 80°C). Measurement of electrical characteristics 
before and after the test shows that there is almost no 
change in coupling loss, and the results of other char-
acteristics are as good as those of common coaxial ca-
ble.

In relation to mechanical strength testing, the LCX 
was subjected to a bend and tensile strength test using 
the cable part of LCX-5D, a bend and tensile strength 
test of the cable section and connector connection sec-
tion, and a side pressure test in which a metal piece 
was pressed on the sheath. The results of these tests 
show that breaking strength of LCX-5D is 500 N or 
more, while the breaking strength of LCX-5D and the 
connector part is 150 N or more. Also, in the side pres-
sure test, even under application of 400 N/15 mm, no 
problem arose in attenuation and coupling loss. In ad-
dition, from the bend test, 250 mm or more was ob-
tained as allowable bend radius of LCX-5D during op-
eration, and 100 mm or more when fixed. 

Fig. 6. Frequency dependence of transmission loss.

frequency (GHz)

0.0

0.2

0.4

tr
an

sm
is

si
on

 lo
ss

 (
d

B
/m

) 
at

 2
0°

C

0.6

0.8

1.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Fig. 7. Coupling loss on the vicinity of LCX-5D.
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7. Conclusion 
We have developed LCX-5D, which has the world’s 

lightest weight, at 65 g/m, and thinnest outer diame-
ter, 7 mm. We have realized a stable communication 
region around the LCX and have shown the feasibility 
of application to secure communication which limits 
communication region to the vicinity of the LCX. We 
have confirmed that environment resistance is the 
same as that of coaxial cable of the same type. In addi-
tion, we have investigated mechanical strength and 
confirmed that no problem arises in practical use.

The LCX, which is a coaxial cable type antenna, en-
sures a stable communication region in the vicinity 
along the cable. Moreover, in case of a complicated 
space where a metal object that reflects electromag-
netic waves exists and a dead zone of electric waves is 
generated, a great number of common antennas are 

required, using the LCX can reduce the number of an-
tennas and bring about an energy-saving effect. We 
will continue to develop LCXs which have higher per-
formance and are more user-friendly, utilizing superior 
characteristics of LCX, while differentiating the appli-
cation with a common antenna. 

References

1)  T. Kishimoto, et al.: “LCX Communication System,” Corona 
Publishing Co., LTD. 1982

2)  K. Takano, et al. “Wide-band Leaky Coaxial Cable (WBLCXTM) 
Used in Gigahertz Band,” Fujikura Giho, Vol.110, pp.9-15, 
2006

3)  F. Suzuki, et al. “Thin Leaky Coaxial Cable LCX-5D,” Proc. of 
the IEICE General Conference, B-1-156, 2012

4)  K. Inada, et al.: “Leaky Coaxial Cable,” Fujikura Giho, Vol.46, 
pp.19-28, 1972


