
Gas Switch Performance Depending on Current in the Circuit∗ 
 

A.A. Kim1,2, V.G. Durakov1, S.N. Volkov1, A.N. Bastrikov1, B.M. Kovalchuk1,  
V.A. Sinebryukhov1, S.V. Frolov1, V.M. Alexeenko1,2, 

L. Véron3, M. Toury3, C. Vermare3, R. Nicolas3, 
F. Bayol4, C. Drouilly4 

 
1High Current Electronics Institute, Academichesky Ave., 2/3, 634055 Tomsk, Russia, phone/fax: (3822)492-751, 

kim@oit.hcei.tsc/ru 
2Tomsk Polytechic University, Lenina Ave. 30, 634050 Tomsk, Russia 

3 CEA/DAM, Polygone d’Experimentation de Moronvilliers, 51490 Pontfaverger, France  
4 SAS ITHPP, Hameau de Drèle, 46500 THEGRA, France 

 
 

                                                           
∗ The work was supported by the contract CEA/ITHPP/IHCE/05-C02 

Abstract – In the report, we describe the test re-
sults obtained on a single RLC circuit, called brick, 
which is the main component of the fast LTD tech-
nology. The brick was tested at varying charge 
voltage and resistance of the load. The results are 
compared with circuit simulation to define the 
equivalent resistance and inductance of the switch 
as a function of current. It is shown that in case the 
brick is simulated as a simple RLC circuit, to fit 
the test data, both the resistance and inductance of 
the switch have to be increased when the current 
reduces. In case the resistance of the switch is 
simulated by a resistive model similar to the one of 
Braginsky [1], simulation fits the experiment with-
out of any other changes in the circuit for all test 
conditions. 

1. Introduction 

Fast LTD technology providing ≤100 ns rise time of 
the output pulse in direct drive mode is promising for 
number of applications where usually only traditional 
water line technology is possible. The essence of the 
fast LTD technology is the discharge in a single RLC 
circuit (called brick) where C is the capacitance of the 
two serial storage capacitors, L and R are the induc-
tance and resistance of the brick circuit including the 
gas switch. The time constant of this RLC circuit, 
(LC)1/2, determines the width of the pulse. So, in fast 
LTD technology, fast rise time and short pulse width 
are provided mainly by reduced capacitance C. At the 
same time, the circuit impedance of the RLC circuit, 
(L/C)1/2, increases when C reduces and therefore the 
current flowing in the switch also reduces. The reduc-
tion of the current in a gas switch may increase it’s 
resistance and inductance to unacceptable level and 
thus limit the possibility to extend the fast LTD tech-
nology to shorter pulses. 
 In tests described below, a separate brick including 
two GA35436 (100 kV, 8 nF) capacitors and a gas 
switch type fast LTD was tested at varying charge 

voltage and resistance of the load. The goal was to 
investigate if such a brick could be used for the fast 
LTD stage providing in matched mode an output pulse 
with a FWHM of ~ 75 ns. 

2. Design of the test bed 

The design of the test bed is shown in Fig. 1. The 
switch type fast LTD (1), two capacitors (2) and the 
resistive load (3) locate in the middle of the grounded 
test cavity, the dimensions of the cavity are 83x63x18 
cm3. The capacitors are charged to ± (60-100) kV, the 
insulation is provided by polyethylene sheets (4) and 
transformer oil inside the cavity. The load is made of 
solid 20 W resistors connected in parallel. The induc-
tance of the load loop including plane connectors and 
the resistors is ~20 nH.  
 The switch type fast LTD [2] consists of 5 inter-
mediate stainless steel electrodes and 6 air gaps, each 
electrode is a ring with mean diameter of 56 mm. The 
width of each gap is 6 mm.  
 The voltage across the load was measured by resis-
tive divider locating inside the test cavity in oil.  

 
Fig.1. Design of the test bed: 1 – gas switch type fast 
LTD, 2 – GA35436 capacitors, 3 – resistive load, 4 – 
polyethylene insulation. 

3. Test results 

First, the capacitance CC, the inductance LC and the 
resistance RC of the GA35436 capacitors were defined 
in a ringing discharge at ~500 V charge. The results 
are: CC ~ 8.35 nF, LC = 35 nH, RC = 0.3 Ohm. 
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 Next, the brick was assembled as shown in Fig. 1, 
and the voltage across the load was recorded at differ-
ent charge voltage, UCH, and resistance of the load, RL. 
The recorded load voltage traces were simulated with 
a simple RLC circuit in order to define how the 
equivalent resistance and inductance of the switch 
vary with current through the switch. The RLC circuit 
is shown in Fig. 2. Here C2, R2 and L2 are capacitance, 
resistance and inductance of two serial GA35436 ca-
pacitors, RSW and LSW are the resistance and the induc-
tance of the switch, LL = 20 nH and RL are the induc-
tance and resistance of the load. The parallel resis-
tance of 114 Ohm represents the voltage divider. 
 The results of the comparison are given in Table 1. 
 

 
Fig. 2. Simple RLC circuit used for comparison with 
test data. 
 
Table 1. Comparison between the test data and simple 
RLC simulation. 

RL, Ω/ 
C2, nF 

±Uch 
kV 

P 
ata 

IMAX 
kA 

FWHM 
ns 

RSW 
Ohm

LSW,
nH 

5.09/4.17 100/92.5 3.4 16.9 59 0.5 60 
100/95 3.4 13.9 62 0.2 70 
90/81.5 3.0 11.4 64 0.8 80 

 
8.7/4.21 

80/72 2.6 9.44 65 1.2 100 
100/91 3.4 10.7 68 0 100 
90/77 3.0 8.77 68 0.4 110 
80/70 2.6 7.72 72 0.8 123 
70/62 2.2 6.64 74 1.2 135 

 
 

12.77/4.21 

60/55 2.0 5.78 72 1.7 130 
100/100 3.4 10.5 69 0.4 100 
90/81 3.0 8.23 72 0.8 120 
80/73 2.6 7.16 75 1.2 130 
70/63 2.2 6.1 75 1.6 135 

 
 

15.02/4.21 

60/55 2.0 5.22 76 2.0 140 
100/106 3.4 9.7 76 0.2 120 
90/86 3.0 7.5 79 1.2 130 

 
18.9/4.17 

80/76 2.6 6.49 82 1.6 140 
21.4/4.21 100/101 3.4 8.49 81 0.4 120 

 90/83 3.0 6.77 86 1.0 140 
 80/73 2.6 5.79 87 1.6 150 
 70/64.5 2.2 5.04 88 1.9 160 
 60/55.5 2.0 4.2 91 2.2 200 

 

In Table 1 the charge voltage is shown as UT/US, 
where UT appears from the test and US is the charge 
voltage in simulations providing the best fit to the 
particular shot. Usually US<UT, this can be explained 
by small storage capacitance (~4 nF) resulting in it’s 
fast discharge after the power supply was switched off 
before the shot. The current IMAX is the peak current 
through the switch in the simulation at a given US. An 
example of how the simulation fits the recorded load 
voltage is given in Fig. 3. 

 
Fig. 3. Comparison between the test and the simulated 
load voltages at RL = 8.7 Ohm, UT = ±100 kV. 
 

 One may see in Table 1, that at any RL both the 
resistance and the inductance of the switch increase 
when the charge voltage reduces. The width of the 
pulse varies between ~60 and ~90 ns. For RL ≤ 15 
Ohms it is less or equal to 75 ns. 
 General tendency for RSW to increase when the 
current reduces is evident in Fig. 4, where RSW is plot-
ted versus IMAX.   
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Fig. 4. Resistance of the switch versus current. 
 

 The inductance of the switch behaves in similar 
way (see Fig. 5). It increases ~3 times and reaches ~ 
(180-200) nH when the current in the switch reduces 
from ~18 to ~4 kA. Note, that at high current the in-
ductance LSW approaches ~60 nH. 
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Fig. 5. Inductance of the switch versus current. 

4. Discussion 

The behavior of the switch resistance versus current is 
not surprising, many authors already noted and ex-
plained this feature. In the same time, it is rather diffi-
cult to explain the threefold variation of the switch 
inductance. In our test the switch locates in the middle 
of the relatively large cavity and the inductance of the 
switch can’t change significantly with diameter of the 
spark channel or if the discharge switches from single 
to multi channel mode within ~28 mm around the axis 
of the switch.  
 In attempt to explain our test results another set of 
Pspice simulation was performed by using S. Bragin-
sky’s model of the spark channel [1] for the resistance 
of the switch. 
 According to Braginsky, the cross section, S, of the 
spark channel in air is given by the following relation: 
 

∫⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= ,dtI

p
S .

.
670

33014600
ξσ

           (1) 

 
where p is absolute pressure in ata, I is the current per 
channel in Amperes, ξ = 4.5, σ is conductivity in 
(Ohm⋅cm)-1, S is in cm2, and time is in seconds.  The 
resistance of the switch, RBR, is given then by 
 

,
dtI

pd
S
dR .

.

BR
∫

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
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4600 σ

ξ
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where d is the length of the air gap in cm, RBR is the 
resistance in Ohms. 
 The RLC circuit in Fig. 2 was modified, as shown 
in Fig. 6. The value of LSW is assumed to be 60 nH 
(minimal inductance at high current in Fig. 5), the 
resistance RSW is replaced with a block, RBR, which is 
the current dependent voltage source providing the 
voltage drop USW = IRBR between the outputs. 

 
Fig. 6. Pspice schematic with the block RBR repre-
senting Braginsky’s resistive model. 
 
 The example of such simulation is shown in Fig. 7 
for RL = 12.77 Ohm. One may see that to fit the ob-
served voltage amplitude, the simulation requires US = 
± 98 kV, higher than UT = ±90 kV. The simulated rise 
and fall times are longer than in the experiment result-
ing in FWHM = 84 ns compared to 68 ns measured. 
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Fig. 7. Comparison between the test and the simula-
tion by using the Eq. (1) with RL = 12.77 Ohm and 
UCH = ±90 kV. 
 
 There exist at least two possibilities to get better fit 
with our results by using modified expressions (1-2). 
 One possibility [3] is to change the coefficient 

3302
4600

.

p ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

ξ
σ ~ 1.2⋅105 for air in Eq. (2) (σ = 300 

(Ohm⋅cm)-1, p = 1ata) to ~ 4⋅105. This means σ ~1700 
(Ohm⋅cm)-1, that contradicts with Braginsky (σ = 180 
(Ohm⋅cm)-1) and Andreev (σ = 300 (Ohm⋅cm)-1) [4].  
 Other possibility is to change the scaling I0.67 in 
Eqs. (1-2) to I0.85, and to keep all other terms un-
changed. Following T. Martin [5], one can estimate 
that in this case the energy dissipated in the switch is 
proportional to (VPEAKIPEAK)n, where n = 1.125. This 
value agrees with T. Martin’s exponent of 1.1846±0.1.  
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 Both modifications of Eqs. (1-2) allow fitting our 
test data in the whole range of RL and UCH presented 
in Table 1. Figs. 8-10 show some comparison exam-
ples between tests and simulations with modified I0.85 
scaling. Fig. 8 shows the shot at highest current in the 
switch with RL = 5.09 Ohms and UT = ±100 kV. The 
simulation fits the experiment with US = ± 97.5 kV. 
Fig. 9 is the shot at smallest current with RL = 21.4 
Ohm and UT = ±60 kV. Here the simulation requires 
US = ±54 kV. Last shot in Fig. 10 is the same shot as 
in Fig. 7 at RL = 12.77 Ohm and UT = 90 kV. The de-
termined US = ±78 kV is similar to the one obtained 
for a simple RLC circuit (see Table 1). 

0 100 200 300 400
-20

0

20

40

60

80

Lo
ad

 v
ol

ta
ge

, k
V

Time, ns

 test:5.09 Ohm, 100 kV
 psp:5.09 Ohm, 97.5 kV, p=3.4

Fig. 8. Comparison between the test and I0.85 resistive 
model at RL = 5.09 Ohm and UT = ±100 kV. 
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Fig. 9. Comparison between the test and I0.85 resistive 
model at RL = 21.4 Ohm and UT = ±60 kV. 
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Fig. 10. Comparison between the test and I0.85 resistive 
model at RL = 12.77 Ohm and UT = ±90 kV (to com-
pare with Fig. 7). 

5. Conclusion 

A separate brick consisting of two serial 8 nF capaci-
tors, a bipolar switch (fast LTD type) and a resistive 
load was tested at different charge voltage and resis-
tance of the load providing fourfold variation of the 
current in the switch. In case the tests data are simu-
lated as a simple RLC circuit, the resistance and the 
inductance of the switch have to be increased when 
the current through the switch reduces. 

The modified Braginsky’s resistive model allows 
fitting the test results with high enough accuracy in all 
conditions tested. It shows that the imaginary variation 
of the switch inductance with current can be explained 
as a time-dependent variation of the switch resistance 
only.  

The modified resistive model, benchmarked on an 
already large current range (4 to 17kA), gives us a tool 
to simulate the output parameters of a brick consisting 
of different capacitors, for example with less capaci-
tance if one would like to design an LTD with shorter 
pulse length. 
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