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Abstract— This project aims to study the effects of high 

voltage coaxial cable (RG 220) parameters on copper vapor 

laser (CVL) performance. Pulsed power supply is used to 

provide high voltage pulse to CVL through high voltage RG-

220 coaxial cable. Coaxial cable parameters like inductances, 

capacitances and resistances are directly related to the length 

of cable and severely affect the performance of CVL. 

Simulation studies will be carried out using 2 meter high 

voltage coaxial cable. In CVL, a fast electric discharge 

directly excites copper atoms, High frequency permitting 

high average power output. Overall efficiency of CVL is 

quite low near about 1%, but highest among all types of 

visible radiation lasers. The major challenge to present this 

research paper is to achieve the desired output CVL output. 

Simulation results show how an electromagnetic wave 

distorts due to several possible reasons such as propagation 

delay, and attenuation.  
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I. INTRODUCTION 

Pulsed power supply (PPS) provides pulsed waveform from 

applied AC waveform which is used to operate specific 

applications. Pulsed power supply produce short electrical 

pulses these pulse contain very high electrical power 

therefore with very high voltage and current amplitude. PPS 

is used to provide constant power supply for a long period of 

time PPS release energy very quickly. PPS have several 

advantages over any other type of power supply such as it 

provide high output power, low rise and fall time of the pulse, 

low pulse width and several other advantages. For example a 

10 kV pulse with pulse width of 200 nano second delivers 1 

GW power to a load of 20 ohms. 

RG- 220 coaxial cable is used to provide electrical 

pulse from PPS to laser head so we are using RG- 220 coaxial 

cable in this project. Undesired power losses can take place 

during continuous operation of the copper vapor laser, these 

power losses increase the temperature of coaxial cable. This 

will lead coaxial cable to several problems such as puncture 

in coaxial cable, increase insulation aging, and reduce overall 

life of coaxial cable. Coaxial cables construction are quite 

similar to any other kind of coaxial cable with the capability 

of conductors to provide low resistance path to flow 

electricity and the ability of insulation to withstand against 

applied voltage and hence it does not required to any kind of 

special construction. Insulation layer of coaxial cables are 

made of polymer materials, these materials has to keep its 

mechanical as well as material quality which means during 

the operation the coaxial cable provide constant permittivity 

and it cannot change its geometry form and provide constant 

resistivity. 

According to coaxial cable construction which is 

briefly described in upcoming chapters has a center or main 

conductor, this conductor is used to transmit energy from load 

to source. The outer conductor or shield provides ground path 

and avoid unwanted outside interference. External magnetic 

and electric interference can touch the shield but they cannot 

affect center conductor. These all things make low, well 

defined impedance of coaxial cable. [1-3] 

High voltage coaxial cables are used for specific 

applications especially where high amplitude power pulses 

are used because coaxial cables have the capability of handle 

high amount of power without changing its characteristic 

impedance. But even high voltage coaxial cables are not 

suitable for entire range of frequency spectrum.  Hence it is 

essential to study the parameters of coaxial cables for high 

amplitude, low pulse width and fast rise time pulse for 

nonlinear load. Some frequency dependent components of the 

cable such as inductive and capacitive reactance are not 

constant and they vary in the case of fast rise time pulse to 

avoid such conditions it is strictly required to study the 

parameters of the coaxial cable. If polyvinyl chloride or 

rubber is used as an insulation layer they decrease the 

capacitance of the coaxial cable as the frequency increases, 

on the other hand polyethylene, polypropylene, or Teflon do 

not affect capacitance vary significantly. Also for high 

amplitude power transmission the signal tends to propagate 

along the surface of the conductor instead of whole 

conductor, this phenomena is known as skin-effect which 

increases power loss. Insertion loss is directly related to the 

length of cable as the length increases more insertion loss can 

take place. Insertion loss cannot be occur due to any specific 

reasone it contains a number of losses such as attenuation, 

dielectric loss, power loss in conductor as well as loss due to 

reflected power. If we have two coaxial cables of different 

length, operating with same load condition with the same 

frequency, the attenuation will be higher in longer coaxial 

cable because attenuation can be measure in dB/m so length 

is a factor. 

II. PULSED POWER SUPPLY FOR CVL 

Pulsed power supply (PPS) is used over any other type of 

power supply because it provide high output power in very 

short duration of time and release this energy very quickly. A 

pulse power supply unit generates high electrical power pulse 

of order 15 to 30 kV at 1 to 2 kA for duration of up to ~ 600ns, 

to obtain such high power a resonant charging circuit is used. 

With the help of this resonant charging circuit the PPS power 

of the order of Megawatt (~20 MW). To carrying this much 

of high power from PPs to laser head the RG- 220 coaxial 

cable is used. This is very well known that a capacitor can 

store energy in electrostatic form. Energy is typically stored 

in a capacitor in electrostatic form. According to energy 
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compression method whenever the stored energy is release 

for a short duration a quite high amount of peak power can be 

delivered to the load. 

The use of laser operations are now used in almost 

every field such as agriculture, military, industry and medical. 

Almost all types of lasers are operated with PPS because it 

provides high output power, low rise time with quite high 

pulse repetition frequency which is strictly required in the 

case of pulse laser. Several parts consist in a PPS unit such as 

high voltage transformer and switch mode power supply unit 

is also used to obtain dc voltage. The reason for using switch 

mode power supply unit is to achieve the output dc power up 

to 20kW. PPS provides voltage regulation which regulates the 

output voltage between 0 to 30 kV. [4].With the help of 

trigger circuit normally IGBT is used for triggering the PPS 

produce desired output pulse in a very short time, the desired 

output pulse can be achieved with the help of resonant 

charging circuit. In general the resonant charging circuit 

consists of a pulse capacitor and the desired output pulse can 

be obtain with the help of rapid charging and discharging of 

this pulse capacitor. 

Copper vapor laser can produce higher output in 

some specific conditions which required high average power 

in kW with fast switching. Also the output of a copper vapor 

laser is totally dependent in the output of a PPS unit, so that 

the output power of PPS unit must have fast rise time and low 

ripple voltage. [4-6] 

A. Block Diagram of Pulsed Power Supply 

 

 
Fig. 1: Block diagram of pulsed power supply 

III. BASICS OF RG-220 COAXIAL CABLE 

A coaxial electrical cable consists of a copper core which is 

also known as center conductor, surrounded by a dielectric 

insulator. A woven shield which is consists of thin strands of 

copper surrounds the insulating layer, which is finally, 

surrounds by a plastic jacket. 

In recent years, coaxial cables have become an 

important part of power transmission. Coaxial cables are most 

widely used in residential, medical, commercial and 

industrial installations. Coaxial cables can be use as 

transmission line for radio frequency signals. Coaxial cables 

are also used in feed lines for radio transmitters and receivers, 

networking connections, and for cable television signals. 

Short lengths of coaxial cables are also used in test 

equipment, like lasers. 

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. 

[1][7] 

A. The RG-220 Coaxial Cable Design 

 
Fig. 2: Coaxial cable design 

IV. EXPECTED SIMULATION SETUP 

The Experimental setup circuit is simulated in Pspice version- 

Orcad Pspice 2009 to obtain output waveform. The 

simulation diagram for experimental setup is shown in below 

figure. 

 
Fig. 3: simulation of experimental setup with two meter 

coaxial cable 

In the simulation circuit: 

 V1 is the pulse generator. 

 R1 is source resistance; R2 is load resistance. 

Parameters of electrical circuit for simulation are 

For pulse generator V1: 

 DC voltage (VDC)  = 380 v 

 Pulse width (PW)  = 200 ns 

 Rise time (Tr)       = 80 ns 

 Fall time (Tf)       = 80 ns 

 Frequency (f) = 6.5 kHz 

For RG – 220 coaxial cable: 

 Resistance (R) = 5.074 m 

 Capacitance (C) = 101.1 pf 

 Inductance (L) = 230.17 nH 



To Simulate High Voltage Coaxial Cable Parameters on Copper Vapor Laser Performance 

 (IJSRD/Vol. 6/Issue 03/2018/100) 

 

 All rights reserved by www.ijsrd.com 416 

 Conductance (G)   = 200 S 

 Length (LEN)  = 2 meter 

A. Different output waveforms obtained by simulation 

 
Fig. 4: Voltage waveform at 380 V DC for fixed load 

 
Fig. 5: Current waveform at 380 V DC for fixed load 

 
Fig. 6: Voltage waveform at 380 V DC for variable load 

 
Fig. 7: Current waveform at 380 V DC for variable load 

V. EXPERIMENTAL RESULTS 

VI. CONCLUSION 

The simulation results were carried out to observe the copper 

vapor laser (CVL) performance with two meter length of RG-

220 coaxial cable. The expected average output power of 

CVL with 2 m cable at 380 V DC & 15.2 A is 14.4kV and 

603A. The output power for 2 m cable is quite high thus it is 

more suitable for CVL for higher output power. 
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