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ABSTRACT 
This work focuses on analysis of different versions of modern high-voltage semiconductor-magnetic pulse generators (SMPG), 

which are an inalienable part of electric - discharge technologies that contain a serial or parallel converter stages in the input circuit. 
There is no in-depth study of the electrical, magnetic and energy characteristics of SMPG in well-known publications, since the 
processes corresponding to them in these circuits are considered only for a single cycle of SMPG operation and, in most cases, without 
determining the characteristics of saturable reactor (SR) magnetic flux density. The most widely used in practical applications are 
single-cycle SMPG, which in turn may differ in both the type of converter stages and their number. A special place among variety of 
SMPG versions is allotted by single-switch and two-switch SMPG differing by serial, parallel or serial-parallel converter stage. The 
advantage of SMPG circuit with serial-parallel converter stage is to eliminate the use of additional bias source, because the 
magnetization reversal process of saturable reactor and pulse transformer (PT) takes place during the charging of storage capacitor 
of this stage. Each modification of pre-transformer compression stage has significant impact on the threshold of realization of 
asymmetric oscillation mode, especially for two - cycle operation SMPG circuits. 

Keywords:  saturable reactor, converter stage, semiconductor-magnetic pulse generator, asymmetric oscillation mode, magnetic 
compression stage, magnetization curve, numerical simulation 

 

1. INTRODUCTION 

Over the last decade or more an electrical discharge 
technologies for removal of hazardous pollutant in liquid 
and air environment have been noticeable developed [1-4]. 
An inalienable part of equipment of these technologies are 
high-voltage generator of short pulses, which are subjected 
to the special requirement for the parameters of the pulses 
being formed, such as peak power, pulse duration, leading 
edge and other. Most of these requirements can be satisfied 
by semiconductor - magnetic pulse generators (SMPG), 
which were significantly developed trough the emergency 
of new magnetic alloys with improved properties [5]. This 
achievement made it possible to reduce the dynamic 
switching losses of saturable reactors. Despite considerable 
progress in improving the technique of magnetic pulse 
generators are still problems with a reliable description of 
exchange processes occurring between the generator and 
load, their effect on the sustainable modes of oscillation and 
the efficiency of energy conversion in SMPG circuits. 

2. ANALYSIS OF THEORY AND PRACTICE OF 
SMPG APPLICATION 

The founders of the theory and development of 
magnetic generators are such scientists as L.A. Meerovich, 
I.S. Garber, G.F. Storm and M.A. Rosenblat. They laid the 
foundations of theory of steady-state oscillation mode of 
SMPG, carried out studies of the stability and region of an 
existence of this mode, proposed methods for calculating 
and constructing the compression stages of SMPG. Mainly 
for describing of energy transfer processes in charging 
circuit and first compression stage an idealized model of 
magnetization curve have been used, which is 
approximated by a broken line. According to this model, on 
the main magnetization curve a saturable reactor (SR) has 

infinitely large impedance, which gives reason to neglect 
magnetizing current. In the state of saturation of the core, 
the inductance of SR is determined from a saturation 
permeability, which is given by a constant independent of 
the magnetic field strength. However, the adopted 
idealization of the SR magnetization curve greatly restricts 
the studies of SMPG, which is especially important for 
understanding an energy transfer process in the absence of 
saturation SR delay between two successive stages of pulse 
compression. Furthermore, the SR model does not take into 
account the magnetizing currents and energy losses in the 
core due to the hysteretic nature of magnetization reversal. 
As a consequence the theory of the stationary oscillation 
mode being developed on the basis of idealized SR model 
is applicable only for the case of unidirectional energy 
transfer from generator to load and is a special case of 
whole variety energy modes of SMPG oscillation.  

At the present time, a significant contribution to the 
development of scientific foundations, principles of 
construction and systematization of the SMPG was made 
by scientists of the Institute of Electrodynamics of the 
National Academy of Sciences of Ukraine, which 
developed a number of practical circuit diagrams of the 
SMPG with new pulse compression stages. These modern 
devices were used as high-voltage equipment for supplying 
a discharge chamber in the technology of water purification 
in a pulsed barrier discharge [6]. In particular, in the works 
of I.V. Volkova, V.I. Zozuleva, D.A. Sholokh [7] for the 
first time demonstrated the possibility of improving energy 
performance of the SMPG due to the simultaneous passage 
of currents in adjacent stages of pulse compression as well 
as circuit-node methods for increasing the energy and 
dynamic parameters of the SMPG by reducing core 
permeability coefficient of the SR in a saturated state.  

Through to research aimed at finding more efficient 
electric discharge methods for cleaning air from industrial 
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gas emissions, by scientists of IPPT of NAS of Ukraine 
have developed a special grade of high-voltage equipment 
that provides pulse shaping with a repetition rate of 10 kHz, 
a voltage up to 100 kV, a leading edge slope up to 1 μs, 
with pulse duration up to 20 μs. In particular, in the work 
of L.Z. Boguslavsky noted the positive effect of a dual 
high-voltage pulse on a gas purification efficiency during 
air treatment in streamer volumetric and corona discharges 
[8]. 

In present, one of the promising areas of nanosecond 
pulse technology is the use of a combination of an inductive 
storage and a semiconductor current interrupter in the 
terminate compression stage of SMPG circuit diagrams that 
allows to enhance the voltage amplitude and pulse power 
on the load. As semiconductor devices are used diodes with 
the effect of a sharp reverse current interruption [9, 10]. The 
principle of operation of such circuits is realization of two-
circuit pumping of diode structure with a regime of reverse 
current amplitude amplification, which is achieved by 
introducing a parallel stage of pulse compression between 
a serial compression stage and semiconductor diode. 

The experience of modelling different versions of 
SMPG circuit diagrams and analysis of modern 
publications, including those shown above, does not show 
sufficient knowledge of the electrical, magnetic and energy 
characteristics of SMPG, which are mainly considered only 
for a single cycle of generator oscillations. Research in this 
area should contribute to the further improvement of these 
promising devices of converter technique. 

3. METHODS 

In this paper, we propose to use a comprehensive 
approach aimed at studying electromagnetic processes in 
high-voltage SMPG circuit diagrams, which takes into 
account the topology of the circuit, the design parameters 
of the saturable reactor and pulse transformer (PT), the 
magnetization curve, the equivalent load resistance, as 
well as temporal parameters of periodic commutating of 
power switches.  

The goal of the work is to determine and compare the 
regularities of electromagnetic processes of energy 
transfer in high-voltage semiconductor - magnetic pulse 
generators with developed principles of constructing 
converter stages.  

Formulation of the research problem: analyze the 
existing and develop new methods for constructing 
converter stage to improve the electrical and energy 
parameters of the SMPG; investigate the electromagnetic 
processes and steady-state modes of oscillations in high-
voltage SMPG circuit diagrams with common topological 
principles of construction: a converter stage in the input 
circuit, an intermediate compression stage, a pulse 
transformer, a high-voltage compression stages. 

4. MAIN CONTENT OF WORK 

On the basis of numerical simulation and experimental 
research, an extended classification of controllable 
converter stages in the input circuit of SMPG was obtained, 
which separates these ones according to the number of 
controllable switches being used and the modification of 
the pre-transformer stage of magnetic pulse compression. 
Following this classification, it can be concluded that in 

single-switches circuits, the restoration of the initial state of 
the magnetic elements is achieved either by using a bias 
circuit or an inductive-diode charging circuit. However, 
these solutions have several disadvantages associated with 
a limitation of the pulse repetition rate and the discharge 
power. At the same time, the introduction of an additional 
element to the charging circuit allows separating charge 
and discharge conversion cycles, while the combination of 
a two-switch converter stage and a pre-transformer stage 
makes it possible to reveal new regularities in the 
functioning of structural stages and increase the energy-
dynamic parameters of the generator.  

Below are considered variants of high-voltage SMPG 
with various modifications of the converter and 
compression stages located in the primary circuit of the 
pulse transformer.  

Taking into account the mentioned drawbacks of the SR 
model and in order to obtain a more approximate picture of 
the electromagnetic processes in the SMPG circuits, the SR 
model is taken as the basis for the magnetization 
characteristic, which is approximated by the arctangent 
function. The main provisions of the SR model are 
presented in [11]. The SMPG circuit diagram with a serial 
converter stage in the input circuit is shown in Figure 1. To 
implement the reverse recovery mode of the generator’s 
elements, the SR L1 and the PT Tp have corresponding 
additional windings w12, w23 being connected in series and 
being coupled to the same bias source Eb through the 
decoupling reactor Ld. In order to analyze of 
electromagnetic processes a system of integral-differential 
equation with non-linear coefficient is compiled, which is 

solved numerically by the Euler method. The parameters of 
generator circuit elements and calculated system of 
equations are given in [12].  

According to the simulation results, it is shown that the 
process of forming the working pulse is characterized by a 
gradual increase in the steepness of flux density in the SR 
cores and reduction of the SR saturation delay interval in 
the order of their arrangement in the generator circuit. At 
the same time, during the magnetization reversal time, the 
flux density in the SR L1 changes according to a parabolic 
law, in L2 close to parabolic, in L3 it has the form of a 
rectangular pulse with damped oscillations on the shelf. 
The distinctive dynamics of flux density is explained by the 
fact that the magnetization reversal current of the SR L1 and 
L2 passes through the capacitor of the next compression 
stage, and the SR L3 current through the linear load RH. The 
magnetization reversal process starts after the flux density 
of the first SR L1 from the positive saturation threshold at a 
time of 25 μs and ends after the input of the flux density of 
the final SR to the negative saturation threshold at a time of 
90 μs. The rest of dynamics of the process is of the nature 
of damped oscillations and the longest turns out to be for 

 
Fig. 1  SMPG circuit diagram with a serial converter stage in the 

input circuit and bias source. 



Acta Electrotechnica et Informatica, Vol. 20, No. 3, 2020 5 

ISSN 1335-8243 (print) © 2020 FEI TUKE ISSN 1338-3957(online), www.aei.tuke.sk 

the core of the SR L3, in which the flux density approaches 
to the forced value only after 200 μs. 

The superposed characteristics of flux densities in the 
SR cores and currents at the compression stages is shown 
in Fig. 2, which fully correspond to the theoretical basis on 
the magnetic generators, as well as  were confirmed  by  
experimentally in the work [13]. 
 

 

A distinctive feature has the characteristic of flux 
density B2 in the core of the PT, for which the following 
main intervals can be distinguished: from 20 μs to 25 μs 
there is a sharp increase in flux density according to the 
parabolic law; from 25 to 140 μs, the flux density is 
characterized by a sequence of damped pulses of triangular 
shape; from 140 μs and then the flux density decreases 
linearly. The increase in flux density over a time interval 
from 25 μs to 80 μs is explained by the fact that the bias 
current of the SR L1 in its main winding has such a 
direction, at which the transformer core is magnetized 
towards the positive saturation threshold. It is clear that 
increasing the field strength in the magnetization winding 
of L1 is impractical since it will only increase the magnitude 
of flux density in the transformer core. As the calculation 
shows, the same trend is observed with a decrease in the 
volume of the transformer magnetic circuit. At the moment 
of saturation of the SR L1, a reverse polarity pulse is 
transmitted to the high-voltage capacitor C2 but this pulse 
energy is not enough to return the flux density to original 
value at which the SR L1 leaves the positive saturation 
threshold. Starting from 140 μs, the flux density is linearly 
reduced only due to the total action of the bias currents.  

In the other hand, simulation shows that during the 
charge of the capacitor C1 due to the mutual coupling 
between the windings of the SR L1, a part of the energy of 
the working pulse will be transferred to the bias source Eb 
which will lead to the appearance of a current pulse in the 
circuit of this source. At the flux density recovery stage, the 
accumulated energy is retuned back to the capacitor of the 
compression stage. However the energy recovery process 
breaks down after saturation of the SR L1, which will affect 
on the subsequent dynamic of flux density in the PT TP. In 
addition, the current in the bias circuit takes a value higher 
than the original one. This circumstance may disrupt the 

condition for the existence of a SMPG stationary oscillation 
mode.  

The calculations show that the flux density 
characteristic in the PT core substantially depends on the 
magnitude of the inductance of the decoupling reactor and 
on the mutual induction coefficient between the windings 
of the SR L1. Figure 3 shows the superposed characteristics 
of flux density in the PT and currents in the bias source for 
the three values of the decoupling inductance: 1 - 100 μH, 
2 - 200 μH, 3 - 320 μH and with the maximum coupling 
coefficient between the windings of the SR L1.  

It is found that a decrease in the current increment in the 
bias source allows improving the dynamics of B2 in PT, and 
as a result to reduce the time its magnetization reversal. It 
is shown that if the coupling coefficient between the SR 

windings L1 is weakened and the inductance of the 
decoupling reactor increases, it is possible to significantly 
reduce the PT magnetization reversal time. When fulfilling 
the requirements to reduce the current increment in the bias 
source circuit, the frequency of SMPG operation can be 
increased to 5 kHz or more. 

In the designs of modern SMPG, there is a tendency to 
exception the bias source due to the influence of the 
magnitude of the bias current on the energy of the reverse 
pulse. Increasing the reversed polarity pulse energy is 
undesirable for some electrical discharge loads. For 
example, in the power supply sources of copper bromide 
vapour lasers, a charge bypass reactor connected in parallel 
to the laser tube is used to eliminate the undesired reverse 
polarity pulse. An alternative replacement for SMPG with 
bias current is SMPG with a two-switch converter in the 
input circuit. The electrical circuit of this version of SMPG 
is shown in Fig.4.  

The main advantage of the circuits is that the 
magnetization recover process is carried out 
simultaneously with charging of the longitudinal capacitor 
C1 of the converter stage.  

Modelling of SMPG shows that in the circuit diagram, 
in addition to the asymmetric regime of oscillation there is 
self-excitation regime, which is realized, when the integral 
value of the discharge voltage across the winding of the SR 
exceeds the permissible flux density swing in the SR core 

 
(a) 

 
(b) 

Fig. 2  Electrical and magnetic characteristics of the SMPG 
compression stages: a) dynamics of flux density in SR L1-L3 
and transformer Тр; b) currents in the compression stages. 

 
(a)

 
(b) 

Fig. 3  Superposed characteristics of: a) flux density in the 
PT; b) current in the bias source. 
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under the condition that the charging current exceeds the 
duration of the discharging current. The transient process 
of self-excitation of SMPG is characterized by a gradual 
increase in the amplitude of oscillations on the longitudinal 
capacitor of the converter stage, as well as an increase in 
the amplitude and energy of the inverse pulse on the load. 
The parameters of computational model of the generator 
circuit and the finite-difference recording of the system of 
integral-differential equations are given in [14]. Figure 5 
shows the electromagnetic characteristics in the SMPG of 
the transient process of the asymmetric mode with a free 
discharge of the capacitor C0. In the transient regime, the 
forced oscillations that lead to an increase in the amplitude 
of the voltage across the capacitor C1 are excited.  

In the time interval 0-t1, through the open switch K1 
occurs the charge of the longitudinal capacitor C1 and the 
high-voltage C2. A sufficiently long period of charging 
current introduces high-voltage SR L2 into a state of 
positive saturation, creating an oscillatory circuit C2-L2-C3 
that limits the amplitude of the forward pulse and the 
energy transfer to the load. At time t1, the charging current 
drops to zero and the energy in the longitudinal capacitor 
reaches its maximum, which is higher than for the 
symmetric mode of oscillations. At the time t2, the switch 
K2 is opened and C1 is discharged to C2, and an inverse 
voltage pulse with amplitude of the order of 15 kV is 
formed on the latter. Since the SR L2 is not designed for the 
stored energy in C1, the process of charging C2 terminates 
as a result of achieving of flux density in the SR L2 of the 
negative saturation threshold. At time t3, the discharge 
current through the switch K2 drops to zero. As a result of 
mismatched energy transfer, on the capacitors C1 and C2 

there will appear residual voltages of different polarities. 
Under the influence of positive residual voltage on C2, flux 
density in SR L2 (B2) will reach a positive saturation 
threshold, before switching K1. At time t4, the cycle is 
repeated and the switch K1 is opened, due to the negative 
residual voltage on C1, the voltage charging level by the 
time t5 becomes even greater than at time t1. Since the flux 
density in the SR L2 and the transformer is near to the 
positive saturation threshold, then on C2 there appears a 
non-significant voltage pulse. At the time t6, the switch K2 
is reopened, the discharge current increases and an inverse 
pulse of even greater amplitude is formed on C2 than the 
previous one. Thus, due to incomplete energy transfer, the 
system operates with a positive feedback, leading to an 
amplification of the input signal. It is important to note that 
in the interval t7-t8 due to a small residual voltage on C2, the 
L2 and PT will be partially magnetized to a positive 
saturation threshold. At time t8, the flux density swing in 
PT and SR L2 will be significantly larger than the time t4, 
and the charging voltage for C1 will increase. In the 
subsequent switching of the K1, the level of the residual 
voltage on C2 will increase, and the flux density swing will 
decrease to the moment of commutation K2. 

It turns out that the transient process of the self-
excitation regime in the two-switch SMPG is aimed at 
levelling the paths of the charging and discharging currents. 
The transient process will adopt a steady-state level of 
amplitude oscillation when a significant portion of the 
discharge current passes successively in the winding of all 
high-voltage SR and closes on the load. In addition, an 
increase in the input current and voltage leads to a shift of 
flux density in the PT to a negative saturation threshold. At 
the end of the transition process, the lower level of flux 
density in the PT will reach a negative saturation threshold, 
which will limit the amplitude of the inverse pulse on the 
high-voltage capacitor. For this computational model, the 
transient oscillation mode will end after 4ms. If the energy 
of the power supply capacitor is kept unchanged, the 
voltage amplitude on the longitudinal capacitor C1 
increases from 500V to 2kV, and the amplitude of the 
forward and inverse pulses in C2 are 5 and 20 kV, 
respectively. 

Fig. 6 shows the electrical and power characteristics of 
the parallel converter stage, depending on the equivalent 
load resistance in the range from 60 to 300 Ohm and for 
three values of the supply voltage - 1 - 350 V, 2 - 400 V, 3 
- 480 V. The family of peak current and voltage 
characteristics through the converter element K2, stored 
energy in the capacitor C1 have a similar character that can 
be approximated closely by a hyperbolic function. On each 
characteristic, it is possible to distinguish a section with a 
linear dependence and a region where the characteristic has 
a high steepness of growth. In the range of equivalent load 
resistances from 100 to 300 Ω at 350 V of input power, the 
parallel converter stage has the most linear characteristics 
that are practically independent of the load resistance. With 
an increase in the supply voltage, the region where the 
characteristics of the converter stage are linear in nature is 
narrowed towards higher load resistances. It is shown that 
the linearity of the characteristics of the converter stage in 
the appropriate range of load resistance at a certain value of 
the input voltage is explained by the coordinated energy 
transfer from the low-voltage capacitor to the high-voltage 

 

Fig. 4  SMPG circuit diagram with a serial-parallel stage in 
the input circuit. 

 
(a) 

  
(b) 

Fig. 5  Electromagnetic characteristics at the initial stage of 
transient process in SMPG: a) voltage across C1; b) 

superposed characteristics of flux density at PT and SR L2. 
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capacitor. So, at a supply voltage of 350 V and in the range 
of equivalent load resistances from 100 to 300 Ohm, the 
greatest efficiency of the converter stage is achieved, which 
lies in the range from 0.8 to 0.9.  

It is found that the nature of the course of 
electromagnetic processes in the circuits of the two-switch 
SMPG is significantly influenced by the presence of a pre-
transformer stage of magnetic compression. The possible 
variants of magnetic compression stages in the primary PT 
circuit are shown in Fig. 7. According to the obtained 
classification it is possible to distinguish two-switch 
converter stages containing serial (Fig. 7, a), serial-inverse 
(Fig. 7, b) and a recharge-serial (Fig. 7, c) pre-transformer 
stage of magnetic compression. As simulation shows, the 
introduction of the magnetic compression stage increases 
the threshold for the existence of an asymmetric mode of 
oscillation in the SMPG. However, this solution reduces the 
load on power switches and optimizes the duration of 
current pulses through PT.  

So for the circuit diagram with a serial compression 
stage (Fig. 7, a), it is found that in the range of the input 
supply voltage up to 350V in the generator only 
symmetrical mode of oscillations is observed. The 
parameters of this generator circuit diagram and the details 
of the computational model are given in [15]. When the 
capacitance of C1 is doubled in relation to C2 capacitance, 
the threshold voltage of the asymmetric mode can be 
reduced to 150 V. Also for this circuit, it is noted that the 
transverse capacitor C2 has virtually no effect on the charge 
of the longitudinal capacitor C1 due to the charging current 
flowing through the saturated SR and the primary winding 
PT. The nature of the change in currents and voltages in the 
converter stage and the pre-transformer compression stage 
is shown in Fig. 8, where UC2, UC2 are the voltages on the 
capacitors C1 and C2, respectively, i0 and i1 are the currents 
through the converter and compression stages, respectively. 
A preliminary positive saturation of the high-voltage SR 
creates an oscillatory circuit that acts as a low-pass filter, 
which prevents further energy transfer to the load in the 

process of charging the capacitor C1. Due to the increased 
energy of the power source necessary to realize the 
asymmetric mode of oscillations, the SR L2 will be 
saturated before the complete energy transfer from C1 to C2 
occurs and the discharge current will become protracted. 
Under the influence of a negative residual voltage on C2, 
the L2 SR L2 will be reversal magnetized to the positive 
saturation threshold (the initial state) before the 
commutation of the switch K2.  

Simulation shows that the stationary mode of 
asymmetric oscillations for this circuit, provided that the 
capacitances C1 and C2 are equal, is realized when the 
output load is in the range from 70 to 110 Ohm, that is 
45...80% of the matched load.  

Fig. 9 shows the electrical and power characteristics of 

the parallel converter stage, depending on the supply 
voltage for two values of the equivalent load resistance - 1 
- 80 Ohm, 2 - 120 Ohm. In contrast to the previous circuit 
diagram, it was found that the electrical and energy 
characteristics of the parallel converter (Fig. 9) become 
more linear and have much smaller angular coefficient. It 

 
(a) 

 
(b) 

Fig. 6  Family of electrical and energy characteristics of 
parallel converter stage, depending on the equivalent load 
resistance: a) peak current through the switch K2; b) stored 

energy of the parallel converter stage. 

 
(a) 

 
(b) 

 
(c) 

Fig. 7  Variants of converter stages in the input circuit 
of SMPG. 

 
(a) 

 
(b) 

Fig. 8  Electrical characteristics of the serial converter stage 
of SMPG: a) superposed characteristics of currents trough C1 

- i0 and trough primary circuit of PT - i1; b) superposed 
characteristics of voltages on C1 and C2. 
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is also found that the noted solution allows maintaining a 
higher value of the efficiency of the converter stage in a 
wide range of the supply voltage. By running the model, it 
is possible to adjust the inductance of the SR L2 (the number 
of turns, the cross section of the magnetic core) so as to 
maximally reduce the amplitude of the forward pulse and 
improve the single-polarization effect. Therefore, the 
introduction of an additional compression stage, as done in 
[16], is justified, most likely, by improving the conditions 
for matching the compression stage with PT.  

A distinctive feature of the circuit with a serial - inverse 
pre-transformer compression stage (Fig. 7, b) is that the 
charge current of the capacitor of the converter stage passes 
through the circuit covered by the primary circuit bypassing 
SR L2. However, still part of the charging current will 
branch along the C1-L1 circuit, slightly magnetizing the SR 
L2 to a negative saturation threshold. The electrical 
characteristics of the converter are shown in Fig. 10, where 
i0 is current through the C1, i1 is current through primary 
circuit of PT, UC2 and UC2 are the voltages on the capacitors 
C1 and C2, respectively. The designations of currents and 
voltages correspond to the characteristics by analogy as in 
the previous circuit diagram. Due to the fact that the SR L2 
on the main magnetization curve has a large inductive 
resistance, then on the charging interval the transverse 
capacitor remains practically discharged. When an inverse 
pulse is formed, the current through the converter element 
will take a trapezoidal character (Fig. 10), since after 
saturation of the SR, the energy will be introduced 
simultaneously into two capacitors. It is also found that the 
discharge current of the low-voltage capacitor will be 
superimposed on the discharge currents of the high-voltage 
capacitors in a sequential order according to the stage of 
saturation of the SR. The resulting current through the load 
will be the total discharge current of all four capacitors. 
This effect makes it possible to increase the energy 
transferred to the load by an order of magnitude in 
comparison with the existing mode of oscillations. The 

main drawback of the serial-inverse SMPG circuit diagram 
is that the SR operates on a partial hysteresis loop, which 
requires an increase in its size for the realization of the 
stationary mode of oscillations.  

The circuit diagram with a recharge-serial compression 
stage (Fig. 7, c) is a reconfiguration of the previous circuit 
in which the transverse and longitudinal capacitors are 
rearranged in place. This circuit solution allows the pulse 
voltage in the primary PT circuit to be increased by 
recharging the transverse capacitor C1 through the parallel 
converter element K2, L1. As a result of the conversion, the 
energy from two successive capacitors C1 and C2 is applied 
to the SR L2, which causes a rapid magnetization L2 to a 
negative saturation threshold. After saturation of L2, the 
energy from C1 and C2 is transferred to the high-voltage 
capacitor, however, since the discharge is not perfectly 
matched, then at the end of the discharge process, negative 
residual voltages will appear on the capacitors C1 and C2. 
Under the action of these voltages, the SR L2 is 
remagnetized to a positive saturation threshold that during 
the formation of the charging pulse it will provide an 
unobstructed path of flow of the current of the longitudinal 
capacitor and accordingly the asymmetry of the pulses.  

On the basis of a comparative analysis of the electro-
dynamic characteristics of the SMPG being considered, it 
is found that the SMPG with a recharge-serial compression 
stage in contrast to other circuit diagrams has a noticeable 
advantage over the peak and average power that is released 
in the load, even though this SMPG version has a lower 
boundary pulse repetition rate. The increase in the peak 
power is due to the fact that in the recharge-serial 
compression stage, energy is stored not only in the 
longitudinal capacitor, as in other SMPG, but also in the 
transverse capacitor, which is recharged in the next cycle. 
In addition, in order to achieve a minimum threshold for the 
existence of an asymmetric mode of oscillation, in this case 
a significantly lower value of the input supply voltage is 
required, rather than for circuit Fig. 7, a. The dynamics of 
the voltages in the SMPG compression stages are shown in 
Fig. 11.  

 
(a) 

 
(b) 

Fig. 9  Electrical and energy characteristics of the parallel 
converter stage, depending on the supply voltage: a) peak 

voltage across the switch K2; b) stored energy in the 
capacitor C1. 

(a) 

 
(b) 

Fig. 10  Electrical characteristics of the serial - inverse 
converter stage of SMPG: a) superposed 

characteristics of currents i0 and i1; b) superposed 
characteristics of voltages on C1 and C2. 
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Subject to the optimal energy balance between the 
capacitors C1, C2 and C3 (high voltage capacitor), the pulse 
duration can be reduced by half, which will make it possible 
to generate pulses with a higher peak power on the load 
than in the previous circuit diagram.  

Regulation of the amplitude of the output pulses of 
SMPG in the above versions of the converter stages is 
carried out by changing the voltage level of the DC power 
supply. However, this is not the only method for controlling 
the amplitude of pulses. There is another option to control 
the amplitude of the output pulses of SMPG [17], which is 
achieved by controlling the duration of the charge or 
discharge currents of converter stage at an unchangeable 
input voltage of the DC power supply. The complexity of 
implementing proposed method of pulse amplitude 
controlling is in suppressing voltage spikes across 
controlled switches caused by an abrupt change in the 
direction of current flow through inductive circuit 
elements, which requires using an additional means to 
return unspent energy back to the storage capacitors of the 
power supply or converter stage. 

5. CONCLUSIONS 

1. A classification of controllable converter stages in the 
input circuit of SMPG is proposed, which differs from the 
known one in that it separates these stages depending on the 
number of semiconductor switches being used and the 
modification of pre-transformer compression stage. 
2. In the SMPG circuit diagram with magnetization of its 
elements, the longest dynamics of magnetization reversal is 
observed in the core of a pulse transformer. Perfect 
conditions of magnetization reversal of PT can be achieved 
by increasing the ratio of the inductance of decoupling 
reactor to the inductance of charge reactor, or by weakening 
the coupling coefficient between the windings of the SR L1.  
3. In the SMPG circuit diagram with a parallel converter in 
the input circuit, compliance with the conditions of the 
inequality of charge and discharge inductances (L0 > L1) 
and excess of the limiting energy switched by high-voltage 
SR leads to the development of self-excitation process, 

which is characterized by a gradual increase in voltage on 
the longitudinal capacitor, an increase in the amplitude of 
inverse pulse and its energy on the load.  
4. The increase in voltage on the longitudinal capacitor 
occurs due to the appearance of a negative residual voltage 
on it as result of incomplete transfer of energy from this 
capacitor to the high-voltage capacitor during the formation 
of the inverse pulse. In the subsequent charge cycle, the 
level of charging voltage on the longitudinal capacitor 
becomes larger by the amount of residual voltage from a 
previous conversion step.  
5. The addition of serial pre-transformer stage for the pulse 
compression in the two-switch SMPG circuit diagram 
makes it possible to improve the conditions of 
magnetization reversal of compression stage, reduce the 
load on the semiconductor switch, optimize the pulse width 
in the input of PT and linearize the dependence of the peak 
values of electrical characteristics of the converter stage on 
the supply voltage level.  
6. The SMPG circuit diagram with a recharge-serial 
compression stage in contrast to the SMPG circuit diagrams 
with other modifications of pre-transformer compression 
stages, taking into account the same values of the input 
voltage and equivalent load resistance has a shortest 
duration of the output pulse at its largest amplitude, which 
makes it possible to obtain the highest peak and average 
power on the load.  
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