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Abstract— This paper aims to study the effects of high 

voltage coaxial cable (RG 220) parameters on copper vapor 

laser (CVL) performance. The efficiency of CVL is near 

about 1% only thus it is strictly required to have most 

suitable length of coaxial cable to achieve maximum output 

power. The copper vapor laser is unusual with respect to its 

high power and high efficiency in this region and in that its 

normal operation is at pulse repetition rates of several tens 

of kilohertz. Fast rise time, high voltage pulse to CVL is 

provided from pulsed power supply through high voltage 

coaxial cable. As the length of coaxial cable changes its 

parameters like inductances, capacitances and resistances 

affects the performance of CVL. Experimental studies will 

be carried out using 2 m high voltage coaxial cable. The 

major challenge is to achieve the desired output rise time 

and high voltage output with required for optimum CVL 

output. 
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I. INTRODUCTION 

High voltage coaxial cable is used as a connecting medium 

between   Pulsed power supply (PPS) and various energy-

dissipation devices to transfer high power. Due to the 

repetition discharge of PPS, coaxial cables temperature rise 

rapidly. PPS provides pulsed waveforms from applied input 

waveform. This pulsed power is used in some specific 

electrical equipment. The term pulsed power supply can 

easily be understood by the following definition and 

example. PPS is the production of short electrical pulses that 

contains very high electrical power and therefore with very 

high voltage as well as current amplitudes. For example a 

pulse with amplitude of 10 kV and duration of 200 ns 

delivers to a load of 20 ohms a power of 1 GW. This much 

of power is equal to the total output of a nuclear power 

plant. PPS is used to produce energy over a relatively long 

period of time and releasing it very quickly, which has high 

output power, low pulse width, high repetition frequency 

and other advantages. Pulsed power supply system has great 

benefits over conventional power supply, Pulsed power 

technology enables the generation of extremely high 

temperatures, brilliant flashes of light and powerful bursts of 

sound. It accelerates particles to great velocities, produces 

tremendous forces, detects objects at a great distance and 

creates many other extreme conditions that are not possible 

to sustain continuously. 

In this project RG- 220 coaxial cable is used which 

carry the electrical pulse from PPS to the laser head. As 

already stated above the temperature of coaxial cable used 

for repetitious discharge of pulsed power supply can rise 

highly. Because the coaxial cable is used for a long time in 

high temperature, the basic electrical parameters of the 

coaxial cable shows difference in properties as provided by 

the manufacturer. So it is strictly necessary that these 

parameters must be verified at a temperature higher than the 

normal operating temperature. High temperature of the 

coaxial cable also have several other disadvantages such as 

dielectric aging, the service life of the cable is reduce in day 

by day use, possible cause of puncture in coaxial cable, 

which increases the risk to operate copper vapor laser in 

normal condition. Coaxial cables are quite similar with any 

other kind of cable such as conductor provides good 

conductivity with low resistance and insulation must be 

capable to withstand against applied voltage. Coaxial cable 

is different from normal cables such a way that coaxial 

cables dielectric material provide constant permittivity, if 

fails then the quality of electromagnetic wave which 

propagates in coaxial cable can be distorts.    

The reason why we use coaxial cable over any 

other types of cable and wire, as wire is also made with 

copper is discussed here- a coaxial cable consist of two 

conductors one is centre conductor and second one is outer 

conductor or shield. A regular electric wire will not have 

two different layers like a coaxial cable does. You will have 

the center core that is used for the signal and the outer 

conducting layer (metallic shield) used for ground most of 

the time. That causes the cable to have specific, low, well-

defined impedance to high-frequency signals. The shield of 

the coaxial cable minimizes or even rejects interference 

from outside sources. Interference from outside sources can 

touch the shield but they can’t affect the center conductor- 

the field inside a conductive hollow cylinder must be zero. 

Shield have several advantages but some disadvantages are 

also there, actually these are not disadvantages but some 

defects which can arise on the coaxial cables shield during, 

before or after the operation. Two main categories of defects 

can occur on transmission lines are hard faults like short or 

open circuits which affects the impedance of the line and the 

soft faults which affect dielectric insulation and possible 

cause of water infiltration. 

Nowadays the high voltage electrical pulses are 

most widely used for several applications, the basic 

similarity in all such applications are the use of coaxial 

cable for power transmission. Due to this it is strictly 

required to have a complete knowledge about electrical as 

well as mechanical characteristics of a cable. Coaxial cable 

is capable to handle a large amount of power but there are 

some limitations too like a coaxial cable are not operated in 

all frequency as it is a Bandwidth-limited medium. Due to 

above stated reason the complete detail of a coaxial cable is 

necessary especially in that case when a coaxial cable is 

operated at high frequency this will help a distortion free 

transmission of input signal. Some of the frequency 

dependence component of coaxial cable leads the input 

signal to dispersion, which is a reason for signal distortion. 
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To understand dispersion some of the frequency dependent 

components are discussed here- impedance of a coaxial 

cable contains inductive reactance and capacitive reactance, 

Inductive reactance is due to pure inductance and capacitive 

reactance is due to pure capacitance. Inductive reactance of 

a coaxial cable increases with respect to frequency as well 

as capacitive reactance of a coaxial cable decreases as 

frequency decreases. In such cases where capacitance does 

not vary with frequency then the characteristic impedance of 

the coaxial cable varies inversely to the square root of the 

frequency. Dielectric materials are also affect the 

capacitance such as capacitance is decreases as frequency 

increases if Polyvinyl chloride or rubber is used as a 

dielectric materials. Polyethylene, polypropylene, and 

Teflon are the best choice as an insulator in a coaxial cable 

as all of the above material does not affect capacitance. At 

very high frequency the input signal in the cable tends to 

flow through the surface of the inner conductor instead of 

whole conductor, this effect is known as skin effect. Skin 

effect increase with the square root of the frequency and 

affect resistance and conductance of the cable thus at very 

high frequency resistance and conductance of a coaxial 

cable is neglected. Length of the coaxial cable plays an 

important role on signal distortion as the length of the 

coaxial cable increases the insertion loss of the coaxial cable 

also increases. Insertion loss of a coaxial cable not depends 

on a single factor or component but it is depends on a 

number of components such as conductor and insulation loss 

also loss due to reflection. If we have use two identical 

coaxial cable for a specific work with same load and same 

frequency, the insertion loss will be higher in longer cable 

because loss of the cable calculated in dB/m so the length of 

the coaxial cable is an important factor 

II. THE RG-220 COAXIAL CABLE 

The RG- 220/U coaxial cable consists of a solid inner 

conductor which is also known as center conductor and it is 

made of copper, outer conductor and polyethylene used as 

dielectric insulation, PVC and Teflon increases dielectric 

loss thus they are not used in high power coaxial cable. 

Semiconducting graphite coating which is outer most layer 

of a coaxial cable is also applied in some cases. Outer 

conductor is nothing but a copper braid which forms the 

return path for the center conductor. Whole assembly except 

Semiconducting graphite coating is covered by a flame 

retardant jacket. Construction of coaxial cables consists of 

parallel layers of conductors and insulating material. This 

type of construction provides protection to the signal against 

electrical noise from outer atmosphere. The word coaxial 

represents that two conductors running in the same axis. 

 
Fig. 1: Coaxial cable design 

III. FUNDAMENTAL ELECTRICAL PARAMETERS OF RG-220 

COAXIAL CABLE 

Capacitance C per unit length, in farads per meter  

C= 
24.161εr

log(
D

d
)

 (pf/m) 

Where: d is the outside diameter of the center conductor 

(millimeters)  

d = 6.7 mm 

D is the inside diameter of the shield (millimeters)  

D = 24 mm 

r is the relative dielectric constant  

r =2.30 

 Is the dielectric constant of the insulator, which equal to 

ε0εr 
Thus the capacitance of RG-220 coaxial cable is C = 101.1 

pf/m 

Inductance L per unit length, in henrys per meter  

L = 42.7*log(
D

d
)(nH/m) 

Thus the Inductance of RG-220 coaxial cable is L = 255.25 

nH/m 

Characteristic Impedance Z0, in ohm 

Z0 = 
138

√εr
 log (

D

d
) (ohms) 

The nominal characteristic Impedance of RG-220 coaxial 

cable is Z0 = 50 Ω 

Resistance R per unit length, in ohms per meter, 

Resistance of a coaxial cable consists of resistance of the 

inner conductor and the shield. Resistance primarily 

depends upon two factors: the material it is made by, and its 

cross section area. Another factor, which affects resistance, 

is the skin effect, in which at high frequency and high power 

the signal is tends to flow on the top layer or the 'skin' of the 

conductor, and increasing the resistance.  

Assume the current density is totally uniform in the 

conductor, the resistance R can be computed as:  

R = 
ρl

A
 

Where: l is the length of the conductor (meters)  

A is the cross-section area of the conductor (square meters)  

A = 6.7 mm 

𝜌 is the electrical resistivity of the material (ohm-meters)  

𝜌 = 1.7 * 10-8 Ω 

Thus the resistance of RG- 220 coaxial cable is R = 5mΩ/m 

Conductance G per unit length, in Siemens per 

meter, the shunt conductance in a coaxial cable is present 

due to the dielectric loss of the insulator. Lowest shunt 

conductance is present in an insulating material which has 

good dielectric properties.  

Assume the current density is totally uniform in the 

conductor, the conductance G can be computed as:  

G =(
A

ρl
) 

Thus the conductance of RG- 220 coaxial cable is 

G= 2000 s/m 

IV. EXPERIMENTAL SETUP 

The experimental setup is used to observe different 

electrical parameters of RG-220 coaxial cable. In this 

experiment fundamental electrical parameters of coaxial 

cable for two meter length to achieve the best suitable 

condition to operate the copper vapor laser are to be 
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measured. Fundamental electrical parameters of coaxial 

cable consist of capacitance C per unit length, Inductance L 

per unit length, resistance R per unit length, Conductance G 

per unit length to be measured. The voltages across laser 

head is measured using passive probe of 20kV, Tektronix 

Make (Model no. P6015A). This probe has attenuation ratio 

of 1000:1 and 100 MHz bandwidth. The peak current 

through the laser head for this system is high and is 

therefore Pearson make current probe (Model no. 110A) is 

used which can measure up to 10000 Amperes peak current 

at 20 MHz. This current probe 110A has attenuation ratio of 

10:1. The voltage and current waveforms are displayed on 4 

channels, 6 GHz oscilloscope (Model No. Lecroy wavepro 7 

Zi-A series). 

The measurement setup shown in below figure 

shows the different measuring probes. 

 
Fig. 2: Block Diagram Representation of Experimental 

Setup 

V. EXPERIMENTAL RESULTS 

The experimental results obtained with CVL’s for two meter 

length of RG-220 high voltage coaxial cable are presented 

here. 

A. Experimental Results with Two Meter Coaxial Cable 

During this experiment DC voltage of SMPS is varied from 

340 V to 380 V DC and laser maximum power is measured. 

Table I shows the variations of laser output power with 

respect to input DC voltage. The laser output power varies 

from 8 W to 19.5 W during its operation. 

DC output 

voltage (V) 

Output current 

(A) 

Optimum power of 

CVL (W) 

340 13.3 8 

350 13.7 12 

360 14.3 15 

370 14.8 18 

380 15.2 19.5 

Table 1Output Power of CVL for Two Meter Cable 

The head voltage and current waveform are shown 

in figure 3 and 4 respectively at 340 VDC. The waveform 

shows the peak voltage of 13.2 kV and peak current of 525 

A 

 
Fig. 3: Voltage waveform of laser head at 340 V DC 

 
Fig. 4: Laser head current at 340 V DC 

The head voltage and current waveform are shown 

in figure 5 and 6 respectively at 380 VDC. The waveform 

shows the peak voltage of 14.7 kV and peak current of 603 

A 

 
Fig. 5: Voltage waveform of laser head at 380 V DC 
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Fig. 6: Laser head current at 380 V DC 

VI. CONCLUSION 

The experimental studies were carried out to observe the 

copper vapor laser (CVL) performance with two meter 

length of RG-220 coaxial cable. The experiments carried out 

with two meter cable length. The experiment clearly shows 

that the average output power obtained with 2 m cable it was 

19.5 W. The output power of for 2 m cable is ~ 30 % more 

than three, four and five meter coaxial cable and is more 

suitable for CVL for higher output power. 
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