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Abstract

This paper attempts to design a coaxial cable using standard
design formula. Simulation is done using empirical methods
designing of coaxial transmission line. The coax is designed
with a cut-off frequency of 1.25 GHz with TEM mode. The
characteristic impedance of the coax is 50Q. The aim here
is to help the reader design a correct coaxial cable at the
port of an antenna. Design formula for calculation of cut-
off frequency, characteristic impedance, inductance and
capacitance are revisited and implemented for the analysis
and design of a 50ohm coaxial transmission line. Coaxial
wire is also compared with other transmission line.
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1. Introduction

In many communication systems, itisoften necessarytoi
nterconnectpointsthatare farapart fromeachother. Thec
onnection betweenatransmitteranditsantennaisatypica
lexample ofthis. Ifthe frequencyis highenough, suchadi
stance may well become anappreciable fraction of the wa
velength being propagated. Itthen becomes necessary to
consider the properties of the interconnected wires, since
these no longer behaveasshortcircuits. ltwill becomeevi
dentthatthesize, separationand general layout of the syst
em of the wires becomes significant under these conditio
ns.

Transmission lines are considered to be impedance matc
hed circuitsdesignedto deliver power (RF) fromthetrans
mitter to the antenna, and maximumsignal fromthe anten
natothereceiver.

There are two types of transmission lines: balanced and u
nbalanced. Coaxial wire comes under unbalanced transm
ission lines. The parallel wire lines are employed where b
alanced properties are required, like in connecting a half
wavedipoleorarhombicantenna. Acoaxial lineisusedw
here unbalanced properties are required, such as the inter
connection of abroadcasttransmitter toits grounded ante
nna. Itisalsoemployedat UHF and microwave frequency

es, toavoid risk of radiation from the transmission line its
elf.

Anysystemof conductorsislikelytoradiate RFenergy if
the conductor separationapproaches halfwavelengthato
peratingfrequency. Thisisfarmore likelytooccurinpara
llelwiretransmission linesthaninacoaxial line, whosein
ner conductor issurrounded by the outer conductorwhich
isinvariably grounded. Parallel wires are never used for
microwaves; whereas coaxial wires may be employed for
frequenciesupto 18 GHz. Coaxial lineshave ahigher limi
tonfrequenciesasopposedtowaveguides.

Table1Comparisonof Microwave Transmission lines

Characte | Coax Waveguid | Stripline | Micr
ristics e ostri
pline
Preferre | TEM TE10o TEM quasi
dMode -
TEM
Otherm | TM,TE ™M, TE TM,TE | TM,
odes TE
Dispersi | None Medium None Low
on
Bandwi | High Low High High
dth
Loss Medium Low High High
Power Medium High Low Low
Capacity
Physical | Large VeryLarge | Medium | Smal
Size |
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Fabricati | Medium | Medium Easy Very
onEase Easy
Compon | Hard Hard Fair Easy
ent

Integrati

on

2. CalculationandDesignofCoaxial Li
ne

Inner Conductor

Dielectric

Fig.1Coaxial Cable

Fig.2Cross Section of Coax

Outer Conductor

2

Fig1showsthedesigned coaxial lineusingHFSS. Fi
g2showstheinner (d) and outer (D) diameter of the coa
xial wire. Ametal cap isalsoattached at the bottom of th
ecoaxial cable.

Designformulae for coaxial cabledesign

D
138 x 1 =
Zy(ohms) = X\/oe_gm (d) 1)
CF) 7.354 X ¢,
I N 2
logyo (%) @
D
L (nH) = 140.4 x logy, (E) @3)
fe (GHz) 11.8
zZ) =

Ve X x (D -zl- d) 4)

Above formulaeis usedto find the inner and outer diamet
erof the coaxial line. The characteristic impedance of the
coaxial lineismostly 50Q. &,-isthe dielectric constant of t
he insulator between inner and outer conductor. Cut off fr
equency of the coaxial wire has a higher cut off when wor
kingon TEM mode. Coaxial line canalso support TE and
TMmodes like waveguidesinadditionto TEM modes. In
practice  these  modes are usually cut-
off modes (evanescent) and also have only reactive effect
near discontinuities or sources, wheretheyareexcited. Iti
s is an important practice to be aware of the cut —
off frequency of lowest order waveguide type modes to a
void propagation of these modes, Otherwise destructivee
ffects may occur, due to superposition of two or more pro
pagatingmodeswith different propagation constants.

Formulafor cut off frequency and for characteristicimpe
danceisusedtocalculatetheinnerandouter diametersoft
hecoaxial cable. Thecalculationisexplainedasbelow:
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Letthecharacteristicimpedance of coaxial linebe 50Qan
d =1 for free space between two conductors. Let the cut
offfrequencyofthecoaxbe 1GHz.

Fromequation (1)

D
50 = 138 X 10g10 <—>

d
D
logy (E) =

D
d

50
138

=23 (5)

Alsofromequation (4)

11.8

nx (57)

11.8 X 2
D+d=—""7T2-

D+d=175 (6)
Fromequation(5)and(6)

D =5.22mm, d =2.27mm

3

The above calculations consider the capacitance and
inductance to be zero at the operating frequency. The
length of the coaxial wire is taken as 10 mm which is 10
timesthe operatingwavelength. Equation (3) ignoresthat
length also has a vital role in making the coax inductive
because the length of the wire is not a very large fraction
ofwavelengthinthispaper.

Also to reduce the capacitance of the coax (equation (2)),
the space between the inner and the outer conductor is
filledwithfree spacewhichisnotpractically possible.
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Fig.3Simulation Result

3.Conclusion

The simulation results comply with the calculations and
the characteristic impedance of the coaxial line is nearly
equal to 50Q. The reactive part of this impedance is 0.
This design methodology can help the scholars who are
designingaprobe fed microstrip patchantenna.
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