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Abstract – The gaseous discharge switch in a mi-
crowave resonant pulse compressor (RPC) controls 
the switching over from storage to energy extrac-
tion mode. The experiments were directed at estab-
lishing effects of commuted power level, repetition 
rate, insulating gas (nitrogen) pressure, gas mix-
ture composition (nitrogen, SF6), blowing rate and 
switch gap geometry on the amplitude stability of 
output signals. The version of the switch design 
which keeps the high transition attenuation value 
~40 dB of the compressor interference switch, op-
erates at high level of the commuted power ~100 
MW and repetition rate up to 200 Hz and provides 
rms deviation of the output pulse amplitude 
~2…5% is presented.  

1. Introduction 

Development of high power sources is always related 
to the problem of commutating of high energy circuits 
storing either electrical or magnetic or electromagnetic 
type of energy. Largely it concerns the development of 
high power RPC transforming relatively low power 
microsecond pulses at an input into pulses of higher 
power and shorter width by way of storing input 
pulses energy in a resonant cavity and subsequent 
short-time extraction. Similar to other pulse sources 
one of the RPC key elements is the switch moving the 
cavity from storage mode over to extraction. In RPCs 
the interference switch is usually used and essentially 
it is H-type of a waveguide T-junction, a triggering 
switch being installed in one of broad waveguide 
walls in the area of maximum SW E-field value [1]. 
The triggering switch initiates the microwave dis-
charge in the waveguide volume and its plasma forma-
tion controls the phase of the wave reflected from the 
corresponding tee arm and consequently the resonant 
cavity mode of operation.    

The particular feature of high power RPC switches 
is their operation in an overvoltage when the micro-
wave E-field value in the tee waveguides considerably 
exceeds the critical value. This increases the probabil-
ity of spontaneous breakdowns. When the mode of 
operation is the high repetition rate one the switch 
bears conditions of the electrical strength decrease due 
to residual discharge products presented in the dis-
charge gap, and that increase the probability of spon-
taneous breakdowns as well. It is assumed that these 
characteristic properties cause the spread of RPC out-

put parameters although there are no available detailed 
data pointing to affects of each separate cause. 

The objective of the work was to establish facts 
which determine features of high power RPC switch 
operation at high repletion rate and to develop the 
effective and applicably fit switch design noticeably 
increasing the stability of compressor output parame-
ters. 

2. Experimental setup 

The experimental setup is presented in fig.1. With the 
exception of the circulation gas system it was identical 
to one presented in [2]. Microwave pulses of 3 μs 
width, 2800 MHz carrier frequency and repetition rate 
up to 200 Hz were generated by a magnetron tube and 
applied to the input of RPC. The pulse power can be 
varied within 1.6…2.6 MW. The used RPC had the 
copper multimode cylindrical cavity of the 50 litres 
volume which operated at H11(14) mode and had the 
intrinsic Q-factor 8⋅104. The energy was released 
through the tee made from cylindrical waveguides of 
90 mm diameter but with the rectangular switching 
section of the cross section 72×38 mm2.  
 
 
 
 
 
 
 
 
 
Fig.1. Schematic of the experimental setup for study 
of RPC gaseous switch operation. 1 - magnetron 
generator; 2, 8 -phaseshifters; 3, 16 - directional 
couplers; 4, 9, 17, 20 -matched loads; 5, 6, 18 - diode 
units; 7 - circulator; 10, 15 - air tight microwave 
transparent windows; 11-storage cavity; 12 - 
interference switch; 13 -commutating unit with 
transverse blowing; 14 - gas compressor of forced gas 
circulation system; 19 -oscilloscope; 21 - high voltage 
pulse generator.  
 

The external appearance of the section with input 
and output pipe units for gas blowing is shown in 
fig.2. The microwave discharge in the section was 
initiated by applying of the pulse voltage 8…16 kV to 
the triggering switch gap. The triggering switch was 
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mounted on the shortening end plate of the section. 
The blowing through was executed by the gas com-
pressor of the capacity ~103 litre/min providing the 
pressure difference in the section up to 0.4 bar. The 
slots ~3×34 mm2 were made in the narrow walls to let 
an access to the gas blowing current. Containing these 
cavity and output interference switch the compressor 
formed microwave pulses of the peak power up to 70 
MW and pulsewidth 40…45 ns. 

 
Fig.2. Inside view of the switching section. 
 

The experimental procedure was writing a random 
sample  of 50 pulses at different switching conditions 
out of RPC output sequence of  signals and its 
subsequent statistic processing for evaluation of the 
amplitude average value and rms amplitude deviation. 
 

3. Experimental results 

a. The first experiments were made when the switch-
ing took place in the section with the smooth working 
surface. The surface was preliminary mechanically 
polished, blowed by compressed air and then washed 
by athetone. The commutation proceeded in gaseous 
nitrogen at the excessive pressure varied from 2.2 bar 
to 4 bar. The power of RPC output pulses was 1.7 
MW and repetition rate values were chosen 25, 50 and 
100 Hz. 
 The experimental plots of the rms amplitude 
deviation σ and the compressor amplification factor 
M2 against the pressure difference ΔP in the section 
which clearly determines the blowing rate are 
presented in fig.3.  

The plots are for different repetition rate F and 
nitrogen pressure values P. The presented plots 
demonstrate the large σ value ~10…17% when there 
is no gas blowing. In general σ stays steady or 
increases and M2 drops when blowing is in action. It 
should be mentioned the output pulsewidth increases a 
little as well. This behavior is characteristic practically 
for all possible pressure values though when the 
pressure P increases the dependance on ΔP becomes 
weak. This circumstance and the big area of the gum 
spot on the waveguide wall surface about ~2…2.5 cm 
of diameter marked by discharge give an assumption 

that “travelling” of the discharge spark within the gum 
spot on the wall surface contribute probably into 
instability of compressor output parameters. This 
“travelling” causes the phase δϕ and amplitude 
fluctuations of the wave reflected by the plasma 
formation and these in turn can cause fluctuations of 
RPC output parameters. 

 

Fig.3. Discharge in the section with smooth surfaces.  
1 – F=25 Hz, P=2.2 bar; 2- F=25 Hz, P=3 bar; 3- F=50 
Hz, P=2.2 bar; 4- F=50 Hz, P=3 bar; 5- F=100 Hz, 
P=2.2 bar; 6- F=100 Hz, P=3 bar. 

 
The expression for that the output signal instability 

as a function of δϕ and δα can be easily derived  

           δαδα δϕδ 221
2
11 −− ++−= ecose

A
A .         (1)  

 
Where δα is a deviation of losses in plasma attributed 
to amplitude deviation of the reflected wave. It shows 
the strong dependence of δA/A upon δϕ and δα. 
b. After experiments with the switching section of 
smooth surfaces had been made the next attempts 
were to confine the discharge to smaller area. At first 
the small size discontinuity as a cone projection or a 
spherical hollow were created on the spot of 
maximum microwave SW E-field location. Main 
requirements to a discontinuity were keeping the 
electrical strength and ability to confine the discharge 
area. The results of measurements showed that the 
assumption of spark “travelling” exerting an effect on 
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the instability of RPC output signal parameters turned 
up to be correct. The small size discontinuity at least 
at the beginning of RPC operation resulted in the 
considerable decrease of  σ with blowing in action 
especially at high values of repetition rate. The 
amplification factor M2 and the output pulsewidth 
were kept steady at that. 
 But a positive effect of the discontinuity of the 
waveguide copper wall surface deteriorated noticably. 
After short time of continuous operation or frequent 
changes of operation conditions the steady increase of 
σ was observed, M2 dropped and output pulsewidth 
increased. A visual check of the section working 
surface in the discharge area showed that the gum spot 
area at discontinuity presence was smaller as several 
times than for a smooth surface but the gum spot 
surface excessively corroded. Afferwards for this 
reason the discontinuity was made of a higher-melting 
metal than copper. 
c. The next experiments were made with the switch 
section containing the discontinuity made of stainless 
steel or molybdenum in the form of a plug for hole in 
the section wall in the area of maximum microwave E-
field. The discontinuity was the trancated cone of 6 
mm diameter at the botton, 3 mm – at the top and of 
~0.3 mm height or manufactured as a trancated 
semisphere with a hollow of the 2 mm diameter at the 
top. 
 Experiments with these plugs were run at higher 
values of the input pulse power Pin in the range 2 MW 
to 2.5 MW instead of 1.7 MW of the first experiments. 
For the section with a plug the plots of σ and M2 as 
functions of the pressure difference (blowing rate) at 
different values of the RPC input power and of the 
insulating nitrogen pressure are shown in fig.4. 
 The plots of fig.4 demonstrate the increase of σ 
value to some extent without blowing as long as the 
input power increases and the nitrogen pressure 
decreases and also almost steady σ with blowing. The 
amplification factor M2 increased with blowing but the 
output pulsewidth stayed steady. 
 At this stage of experiments the commuted power 
level reached ~100 MW and it should be mentioned 
that the blowing through during switch operation at 
repetition rate 200 Hz did not result in considerable 
variation of σ and M2 values if compared with 
corresponding values at 100 Hz. Deterioration during 
short opertion time of the switch section surfaces in 
the discharge area was not observed. 
d. The experiments mentioned above were run with 
service nitrogen as an insulation gas. The switch  
 
 

 
Fig.4. Plots of σ and M2 against the pressure  
difference for the section containing a high-melting 
plug discontinuity, nitrogen filling. F=100 Hz. 1-  P=3 
bar, Pin=2 MW; 2- P=2.7 bar, Pin=2.14 MW; 3- P=3 
bar, Pin=2.14 MW; 4- P=3.9 bar, Pin=2.14 MW; 5-  
P=1.5 bar, Pin=2.14 MW; 6- P=2.7 bar, Pin=2.31 MW; 
7- P=3 bar, Pin=2.31 MW; 8-P=3.9 bar, Pin=2.48 MW. 
  
section was also tested with the blowing through of 
nitrogen with little addition ~0.1-5% of SF6.  
 The tests showed that the admixture percentage of 
SF6 ~0.5…1% noticeably stabilized the switch 
operation even without blowing through 
independently of the mixture pressure, repetition rate 
and input power level. The blowing exerts its 
hoticeable effect when the admixture SF6 percentage 
is less than 0.3% and the mixture pressure is low as 
~1.5…2 bar. 
 At the final stage the developed switch section was 
tested at the 160 MW commuted power level. The 
oscillograms of two samples each of 500 consecutive 
pulses at the admixture SF6 percentage 0.3% without 
and with blowing through discharge area are presented 
in fig.5a and 5b respectively. Statistical processing 
showed that the commuted power level increased by 
factor of about 1.6 gave rise to σ by a factor of about 
2. 
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Fig.5. Oscolligramms of 500 consecutive pulses at the 
SF6 percentage 0.3% without blowing  though (a) and 
with blowing through (b). 
 

4. Conclusions 

So the work which has been done allowed to establish 
following: 
• The key factors effecting the stability of RPC 
output parameters when the switch operates at 
overvoltage mode are the decrease of electrical 
strength due to the presence of residual discharge  
 
 
 

products in the discharge area, dropping of switch 
operation to spontanuous discharges and “travelling” 
of the discharge spark within waveguide surface of the 
discharge area; 
• The switch stability with insulating nitrogen filling 
can be improved by the pressure increase, by adding 
SF6 up to percentage ~0.5…3%, by blowing a gas 
through the discharge area or creation of a small 
discontinuity on the waveguide wall surface at 
maximum of microwave SW E-field; 
• The service life of the switch is largely determined 
by properties of material used and it is extended by 
using of high-melting materials; 
• Efficiency of the blowing through drops as the 
insulating gas pressure increases or SF6 is added to 
nitrogen so the blowing through is effective only at 
definite values of E/P, here E-microwave electric field 
strength; 
• The developed switch provides rms deviation of 
the output signal amplitude ~2…5% at the commuted 
power level ~100 MW, repetition rate up to 200 Hz 
and output pulsewidth ~50 ns. 

The authors wish to gratefully acknowledge the 
contributions of Kaminsky V.L. and Dyachenko V.F. 
 

References 

 [1] N.D. Devyatkov, A.N. Didenko, L.Ya. Zamyatina 
and Yu.G. Yushkov, Radio and Electron Phys. 25, 
87 (1980). 

[2]S.A.Novikov, S.N.Artemenko, V.A.Avgustinovich, 
V.L.Kaminsky and  Yu.G.Yushkov, in Proc. 13th 

Int. Sympos. on High Current Electronics, Tomsk 
Russia, 2004, p.p.234-237. 

 
 

 

 

a) 
 
 
 
 
 
 
 
 
 
 
 
b) 

379

___________________________________________________________________________________________Oral Session




