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Abstract— This paper aims to describe the effects of high 

voltage coaxial cable (RG 220) parameters on copper vapor 

laser (CVL) performance. 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 and 5 m high voltage coaxial cable. 

In copper vapor lasers, a fast electric discharge directly 

excites metal atoms, the high repetition rates permitting high 

average power output. It is a high gain pulse laser system 

with short inversion time. Overall wall plug efficiency is 

about 1% for these lasers, the highest for visible gas lasers. 

The major challenge is to achieve the desired output rise 

time and high voltage output with required for optimum 

CVL output. Experimental results of coaxial cable show 

how an electromagnetic wave propagates in an electrical 

conductor and distort waveform due to several parameters 

such as propagation delay, reflection coefficient and 

attenuation. 
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I. INTRODUCTION 

Pulsed power supply (PPS) is the conversion of electrical 

energy from the applied waveforms to pulsed waveforms 

that are required for specific application. It is the production 

of short electrical pulses that contains very high electrical 

power and therefore with very high voltage as well as 

current amplitudes. Pulsed power supply (PPS) is used to  

accumulating 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. 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.  

In this project RG- 220 coaxial cable is used which 

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

continuous operation the temperature of cable increases due 

to loss in the coaxial cable. This will speed up the insulation 

aging, greatly reduce the service life, and even destroy the 

insulation layer structure. Construction requirements for 

coaxial cables are the same as by another kind of cables: the 

capability of wires to conduct electricity and capability of 

insulation to withstand applied voltage. Polymer materials 

of insulation have to keep its material qualities and 

mechanical integrity. It means that the dielectric of in-

service cables has to keep constant permittivity, the cables 

cannot change its resistivity and conserve geometry form. 

Coaxial cable is preferred over wires. The coaxial 

cable has 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. It also rejects 

interference from outside sources. External electric and 

magnetic fields can touch the shield, but they can’t reach 

inside. Coaxial cables have the capability of handling high 

amount of signal power and provide fixed impedance, but 

cannot operate over entire range of frequency spectrum. 

Hence it is essential to study and analyze characteristics of 

coaxial cables for fast rise time pulse for nonlinear load. 

Because of fast rise time pulse some of the frequency 

dependent components of coaxial cable like inductive and 

capacitive reactance varies. The capacitance for Polyvinyl 

chloride and rubber decreases somewhat as frequency 

increases, while polyethylene, polypropylene, and Teflon do 

not vary significantly. Also at high frequencies, the signal 

tends to propagate along the surface of the conductor, this is 

known as skin-effect which increases the loss. Also when 

the length of the coaxial cable increases the insertion loss of 

the coaxial cable also increases with length. Insertion loss 

has a number of components including conductor and 

dielectric loss as well as loss due to reflected power. If we 

have two identical coaxial cables, working with same load 

connected, at the same frequency, the attenuation will be 

higher in longer coaxial cable because loss of cables is in 

dB/m so the length is a factor.   

II. PULSED POWER SUPPLY FOR CVL 

Pulsed power supply is used to provide energy for a long 

and short period of time very quickly. To increase the 

instantaneous power, a pulse power supply unit generates 

the high voltage pulse, electrical pulse having voltage of the 

order of 15 to 20 kV at 1 to 2 kA for duration of ~ 600nS, 

which is obtained by using a resonant charging circuit. Thus 

the pulse power supply generates power of the order of 

Megawatt (~20 MW). Hence the pulsed power supply unit 

along with the high voltage RG-220 coaxial cable carrying 

the electrical pulse to the laser head. Energy is typically 

stored in a capacitor in electrostatic form. Energy 

compression is a method which states that when the stored 

energy is release in a short duration a large amount of peak 

power can be received by the load.  

Laser technology is now widely used in many 

fields such as agriculture, military, industry and medical. 

Due to the wide use of laser technology the requirement of 

pulsed power supply is also getting higher and higher, high 

voltage, high rise time with high pulse repetition frequency 

used for pulsed laser. A PPS unit consists of a high voltage 

transformer and a high voltage rectifier is also used to obtain 

dc voltage. The reason for using high voltage rectifier is to 

achieve the output dc voltage up to 20kW. Control system of 

PPS provides voltage regulation by which the output voltage 

can be regulated between 0 to 30 kV. The PPS have the 
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capability to produce desired pulse energy in a very short 

time, the desired pulse energy can be achieved with the help 

of rapid charging and discharging of the pulse capacitors. In 

general the PPS with capacitor charging charges the pulse 

capacitor to make it obtain the energy.  

For successful operation of the copper vapor laser 

requires high average power with fast switching. It is very 

well known that the output characteristics of the laser are 

directly related to the output of the PPS, so that the output 

voltage and current must have fast rise time and low ripple 

voltage. 

 
Fig. 1: Block Diagram of Pulsed Power Supply 

III. 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. 2: Conductor Size of RG-220 Coaxial Cable 

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 different lengths to achieve the best suitable 

condition to operate the copper vapor laser are to be 

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, and attenuation 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. 3: Block Diagram Representation of Experimental 

Setup 

V. EXPERIMENTAL RESULTS 

The experimental results obtained with CVL’s for different 

lengths of RG-220 high voltage coaxial cable are here. First 

of all, the effect of two meter RG-220 high voltage coaxial 

cable on CVL performance is presented and then for five 

meter. 

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 1: Output Power of CVL for Two Meter Cable 

The head voltage and current waveform are shown 

in figure 4 and 5 respectively at 380 VDC. The waveform 

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

A 
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Fig. 4: Voltage waveform of laser head at 380 V DC 

 
Fig. 5: Laser head current at 380 V DC 

B. Experimental results with five meter coaxial cable 

Keeping all the laser parameters same the above experiment 

was performed with  five meter and SMPS power is 

operated from 340 V DC to 380 V DC. During experiment it 

is observed that the laser was giving maximum output power 

of 15 W at 380 V DC & 15.2 A 

DC output 

voltage (V) 

Output current 

(A) 

Optimum power of 

CVL (W) 

340 13.3 3 

350 13.7 6 

360 14.3 9 

370 14.8 13 

380 15.2 15 

Table 2: Output Power of CVL for Five Meter Cable 

The head voltage and current waveform are shown 

in figure 6 and 7 respectively at 380 VDC. The waveform 

shows the peak voltage of 12 kV and peak current of 520 A. 

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

 

 
Fig. 7: Laser head current at 380 V DC 

C. Comparison of experimental data for 2 m and 5m 

coaxial cable  

Table III shows the comparison of laser output for 2 m and 

5m coaxial cable. The table clearly shows that the output 

power with 2 m coaxial cable is more as compare to 5 m 

cable. At 380 V, In 2 m coaxial cable the laser power is 30% 

more as compared to 5 m cable. 

Sr. 

No. 

DC Output 

Voltage (V) 

Output 

Current 

(A) 

Output power of 

CVL 

(W) 

   2 meter 5 meter 

1 340 13.3 8 3 

2 350 13.7 12 6 

3 360 14.3 15 9 

4 370 14.8 18 13 

5 380 15.2 19.5 15 

Table 3: Comparison of CVL output power for 2 m and 5 m 

Cable length 

VI. CONCLUSION 

The experimental studies were carried out to observe the 

copper vapor laser (CVL) performance with different length 

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

two and five meter cable length. The experiment clearly 

shows that the average output power obtained with 5 m 

cable is 15 W at 380 V DC & 15.2 A whereas with 2 m 

cable it was 19.5 W. The output power of for 2 m cable is ~ 

30 % more and is more suitable for CVL for higher output 

power. 
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