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Fig. 1. Equivalent model of the driving circuit and the laser head 
arrangement. 

the laser head. The total inductance L, was calcu- 
lated from the main loop self ringing frequency, 
while L, and L, were estimated using the solenoid 
approximation formula and were found to be L, = 70 
nH with L, = 55 nH and L, = 15 nH. However, the 
best simulation results were obtained for the values 
L, = 60 nH with L, = 35 nH and L, = 25 nH. The 
15% discrepancy in L, is reasonable, while the 
quite large difference in the values of L, and L, is 
attributed to their rough estimation with the solenoid 
approximation. C ,  accounts for the laser head stray 
capacitance. A value of C,  = 0.1 nF was used. The 
plasma cathode was driven by a separate LC inver- 
sion circuit which is not shown in the figure, since it 
was not explicitly included in the model apart from 
providing the necessary preionisation. The delay be- 
tween the firing of the plasma cathode and main 
discharge circuits was 200 ns. The plasma cathode 
was assumed able to provide an initial electron den- 
sity of n,, = lo9 cm-3 although the model results 
were similar for n, values in the range 10' < n,, < 
10'' ~ r n - ~ .  

The circuit behavior is described by the following 
set of equations: 

di,/dt = (V, - i,R,)/L,, ( I )  
dV,/dt = (iL - i,)/C,, (2) 
dV,/dt=-ill/C,, whereV,=V,-V,, (3) 

diL/dt= (V,-V,)/L, where L,=L, +L,,  

(4) 

d ~ , / d t  = ( i d  - ik)/C,. (5) 

The above set of equations is accompanied by the 
expression for the discharge current i d ,  

and the electron number density n,  rate equation 

where v,, k i  and k ,  are the electron drift velocity, 
the ionization and attachment rates respectively, 
while the other symbols e,  S and N have their usual 
meaning. 

A model calculation of the transport coefficients 
for the gas mixture of He/SF6/C,H8 at atmospheric 
pressure has been reported recently in Ref. 151. The 
authors kindly provided us with the necessary data 
for the transport coefficients. The experimental re- 
sults were obtained with an SF, concentration of 
2.2% and a ratio of SF, to C3H8 of 10. However the 
transport coefficients calculation for this mixture 
composition predicted a much higher steady state 
reduced electric field value ( E / N )  * than was exper- 
imentally observed. Since the value of ( E / N ) *  is 
the most important discharge parameter, we chose to 
use the set of transport coefficients that corresponds 
to an SF, concentration of 1.5% at the same ratio of 
SF, to C3H8 of 10, which has a value of ( E / N ) *  
close to the one obtained experimentally. This dis- 
crepancy may be due to error in the calibration factor 
of the SF, flow meter and also partly to the fact that 
the laser kinetics were not included in the model of 
Ref. [5] for calculating the transport coefficients i.e. 
account was not taken of the decrease in the concen- 
tration of SF, and C,H, molecules due to the vari- 
ous chemical reactions generating HF molecules, as 
well as the influence of the generated species on the 
electron energy distribution. 

Thus for the chosen mixture composition of 
He/SF6/C3H8 of 98.5/1.5/0.15 at 1 atm total 
pressure the transport coefficients data were best 
fitted for the reduced electric field region of interest 
as: 
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where s, is the reduced discharge electric field 
E,, = E / N  = V d / g N  X V m2. The discharge 
cross section was S = 38 cm X 1 cm = 38 cm2 and 
the discharge gap was g  = 2.8 cm. 

The above set of equations was solved with the 
ODE solution package PSI [6]. 

3. Results and discussion 

In Fig. 2 are shown the experimentally obtained 
waveforms for the discharge voltage and current 
measured externally to the laser head, V ,  and i ,  
respectively and the corresponding simulation re- 
sults. The simulated actual discharge current id had 
minor differences from i , ,  for laser head capacitance 
values C, < 0.2 nF. As can be seen in the figure the 
time characteristics are well simulated. The simu- 
lated peak current i,, value is 12% lower than the 
experimental one, i,, = 14 kA and 15.8 kA respec- 
tively and there is also a small time difference of 5 
ns at peak current onset. The remaining voltage after 
the cessation of the discharge is well predicted being 
6.2 kV and 5.2 kV for the experiment and simulation 
respectively. 

In Fig. 3 is shown the discharge voltage Vd as 
inferred from the experimentally obtained V ,  after 
subtracting the inductive part Vd = V ,  - L ,  di,/dt 
with L ,  = 15 nH and the corresponding simulated 
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Fig. 2. Voltage and current waveforms external to the laser head 
V, and i L  respectively. Solid lines: simulation, dashed: experi- 
ment. 
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Fig. 3. Discharge voltage Vd and resistance R d .  Solid lines: 
simulation, dashed: experimental Vd trace, dotted: experimental 
R ,  trace. 

waveform. Also presented is the experimental and 
simulated variation of the discharge resistance Rd = 

V d / i , .  The peak V,, and steady state voltage (value 
at peak current) V,, values, are well predicted, being 
V,, = 3 1.7 kV and 32.3 kV and Vss = 24 kV and 23.4 
kV for experiment and simulation respectively. How- 
ever, the simulation gives a much longer duration for 
the discharge steady state time phase and a steeper 
voltage slope at breakdown. In addition, as was 
mentioned above for V , ,  although the remaining 
voltage after the cessation of the discharge is well 
predicted, the simulation gives a much stronger oscil- 
latory behavior. 

A good agreement is obtained for the discharge 
resistance evolution, the experimental and simulated 
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Fig. 4. Discharge input power Pd .  Solid lines: simulation, dashed: 
experiment. 
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values at peak current being R, = 1.52 fl and 1.67 
R respectively. 

In Fig. 4 is shown the comparison between the 
experiment and simulation for the discharge input 
power P, = V,i,. The simulation predicts a 15% 
lower peak input power value P,, and a 13% longer 
FWHM t , , , ,  than the corresponding experimental 
ones. The actual values are P,, = 379 MW and 328 
MW and t , , ,  = 66 ns and 75 ns respectively. 

4. Conclusion 

A discharge and circuit simulation of an HF laser 
operating with a He/SF,/C,H, gas mixture at at- 
mospheric pressure has been presented. To the best 
of our knowledge it is the first report of a model 
based on that mixture. A reasonable agreement be- 
tween simulation and experiment has been obtained. 
The differences observed between the experimental 
and simulated waveforms are mainly attributed to the 
usual difficulties in the exact simulation of circuit 
parameters, as well as to the fact that, as was ex- 

plained in Section 2, in the model used by the 
authors of Ref. [5] for the calculation of the transport 
coefficients, the HF laser kinetics were not included. 
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