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Abstract—Monounit and modular switches of high-power current pulses with an operating voltage of 12 kV,
made on the basis of series-connected shock ionized dynistors, are described. The switching processes of
these switches are studied. The dependence of switching energy losses on the control pulse power is deter-
mined. The possibility of switching nanosecond current pulses with an amplitude of several kiloamperes at a
frequency of several hundred hertz is shown.
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Energy losses in switches of nanosecond current
pulses are largely determined by the time of their
switching. In this regard, the silicon semiconductor
devices described in [1–4], which have different
designs but switch in <1 ns, are of great interest. Such
a short turn-on time is achieved as a result of using the
method proposed in [5] for triggering by a high-volt-
age nanosecond pulse, which initiates the impact ion-
ization of silicon. Current carriers created in the pro-
cess of impact ionization provide high conductivity of
semiconductor switches immediately after they are
turned on.

This article presents the results of studies of high-
power switches with a subnanosecond turn-on time,
made in the form of units of series-connected shock
ionized dynistors (SIDs), first described in [6]. As
studies have shown [7, 8], a certain advantage of these

dynistors is that their effective switching on can be
provided by relatively low-power control circuits.

Figure 1 shows a diagram of the developed genera-
tor of powerful nanosecond pulses based on the C0–
R0–L0 power circuit and a SID unit with an operating
voltage of 12 kV. Switching SID unit is carried out with
the help of the control circuit of the CC containing the
opening switch in the form of a high-voltage unit of
drift diodes with sharp recovery (DSRD—drift step
recovery diodes), first described in [9]. The nanosec-
ond turn-off time of the DSRD unit is provided by a
magnetic compression circuit based on a step-up
transformer Tr, storage capacitor C1, and transistor
switch Q with an operating voltage of 1.2 kV.

The operation principle of the generator is as fol-
lows. In the initial state, the capacitors C1 and C0 are
charged to voltage U1 and U0. Voltage U1 is blocked by
750

Fig. 1. Electrical circuit of the nanosecond pulse generator based on the SID unit. CC—control circuit; DSRD—25 diodes with
a structure diameter of 16 mm; D—K100 (two in series); D1—HER608; D2—HER608 (four in series); Q—IRGPS60B120KDP
(two in parallel); Tr—ferrite core N87 (EPCOS), eight rings measuring 25.3 × 14.8 × 10 mm, w1 = 1, w2 = 3; L0—ferrite core
N87 (EPCOS), five rings measuring 16 × 9.6 × 6.3 mm, w = 1.
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Fig. 2. SID unit with operating voltage 12 kV.
the key Q, voltage U0 is applied to the SID unit and to
the separating circuit C–D, which prevents the appli-
cation of high voltage to the DSRD unit. After turning
on the Q, capacitor C1 is discharged through the pri-
mary winding w1 of transformer Tr. As a result, current
flows through the secondary winding w2, which
ensures the accumulation of charge in the diodes of
the DSRD unit and the charging of the capacitor C2.
This current has a fundamentally short duration (~350
ns), which is necessary for efficient operation of the
DSRD. At the end of the capacitor charging process of
C2, transformer core Tr is saturated. In this case, the
inductance of the winding w2 decreases sharply, and
the capacitor C2 is quickly discharged through the cir-
cuit L–DSRD–w2. Current IL f lowing through induc-
tance L removes the entire accumulated charge from
the diodes of the DSRD unit in a time of ~150 ns. As a
result, the diodes turn off synchronously in ~3 ns.

In the process of turning off the diodes, the voltage
on the DSRD unit rises rapidly and is distributed
between the circuit C–D, the SID unit, and the induc-
tance of the installation wires that provide their con-
nection. In this case, a control current Ic f lows through
the SID unit, and charges the dynistors’ own capaci-
tances that are close in value. When the voltage across
the dynistors of the SID unit rises to a value sufficient
to initiate the impact ionization process, they turn on.

When starting the SID unit, the choke L0 has a
large inductance, which, until the moment the dynis-
tors are turned on, excludes the possibility of current Ic
branching into the L0–R0–C0 power circuit. After
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switching on the SID unit, capacitor charging voltage
C0 is applied to the choke L0, and its core is remagne-
tized to saturation. After saturation of the core, the
inductance of the choke decreases sharply, and the
current in the power circuit rapidly increases. In the
interval between the moment the SID unit is turned on
and the moment the core of the choke L0 is saturated,
current Ic is f lowing through the chain C–D and the
SID unit, and modulates the conductivity of dynistors.

In our experiments, we used a small-sized SID unit
with dimensions of 70 × 35 × 110 mm. It consisted of
six series-connected dynistors, which had a diameter
of 24 mm and a maximum permissible stationary volt-
age of 2.5 kV. A photograph of the SID unit is shown
in Fig. 2.

The dynistors were placed in f luoroplastic cases.
Flat plates were used for current supply. The electrical
contact between the plates and dynistors was carried
out by a clamping device based on massive duralumin
plates fixed between caprolon plates. The clamping
force was created by a central screw and stabilized with
spring washers.

Figure 3 shows the voltage waveforms on the SID
unit during its switching at different amplitudes of the
current IL, which was regulated by changing the
charging voltage of the storage capacitor C1. Oscillo-
grams U1, U2, and U3 correspond to the current IL with
an amplitude of 350, 250, and 200 A, respectively.
They are obtained by using a resistor R0 with a large
resistance (1 kΩ), which eliminated the influence of
the power current.

According to the oscillograms, at IL = 350 A, the
voltage rise rate on the SID unit is ~5 kV/ns. Under
these conditions, the SID unit is switched on at a volt-
age of ~24 kV, which is 1.6 times higher than the total
maximum allowable steady-state voltage of dynistors.
The turn-on time of the SID unit is less than 1 ns.

When the current IL decreases, the voltage rise rate
on the SID unit decreases and is ~4 kV/ns at IL = 200 A.
At such a rise rate of the triggering voltage, the voltage
across the SID unit decreases at the moment of its
switching on and the turn-on time of the SID unit
increases, apparently due to a decrease in the intensity
of the impact ionization process.

In the process of research, the amplitude of the
voltage pulse on the DSRD unit was measured. Due to
the voltage drop in the circuit C–D and on the mount-
ing inductance, it exceeded the voltage amplitude on
the SID unit by 4 kV.

Figure 4 shows oscillograms of power current
pulses (I01, I02) and voltage drop curves (U1, U2) on the
SID unit calculated from the corresponding wave-
forms by subtracting the voltage dropped across the
unit inductance. The experiments were carried out
while charging the capacitor C0 up to a voltage of 12 kV.
Indices 1 and 2 denote currents and voltages obtained
 Vol. 65  No. 5  2022
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Fig. 3. Voltage waveforms on the SID unit at current IL with an amplitude of 350 A (U1), 250 A (U2), and 200 A (U3) Scale: ver-
tical—4 kV/division; horizontal—2 ns/division.
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Fig. 4. Power current waveforms I01 and I02 and stress U1 and U2 on the SID unit at currents IL with amplitudes of 350 and 250 A.
Vertical scale: voltage—5 kV/division, current—500 A/division; horizontally—50 ns/division.
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at currents IL with an amplitude of 350 and 250 A,
respectively.

The voltage on the SID unit was measured by a
high-voltage divider capable of reliably measuring sig-
nals with a rise time of ≥0.5 ns. The divider was cali-
brated by measuring voltage pulses with a leading edge
of 0.25 ns obtained using an I1-15 test pulse generator.
The lower arm of the divider was a coaxial cable with a
wave impedance of 50 Ω, and the upper arm was a
small-sized resistor with a resistance of 470 Ω com-
pensated by a copper screen. The divider was con-
nected to the SID unit through a separating capacitor.
For current I0 measurement, the Pearson current
monitor 410 current sensor was used.
INSTRUMENTS AND EX
As can be seen from Fig. 4, when the amplitude of
the current IL decreases from 350 to 250 A, the voltage
drop across the SID unit increases significantly, which
indicates a less uniform distribution of the power cur-
rent over the area of the dynistors. With current IL
increasing from 350 to 450 A, the voltage drop across
the SID unit remained practically unchanged, so we
can assume that the current IL with an amplitude of
350 A is optimal under the considered starting condi-
tions. At this current IL, energy losses in the SID unit
when switching the current pulse I01 with an amplitude
of 2.5 kA are approximately 320 mJ.

Such small energy losses determined the relatively
low heating of the SID unit when switching current
PERIMENTAL TECHNIQUES  Vol. 65  No. 5  2022
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Fig. 5. Modular SID unit with an operating voltage of 12 kV.

Fig. 6. Electrical diagram of the generator based on the
modular SID unit. CC—control circuits; L0—ferrite core
N87 (EPCOS), eight rings measuring 16 × 9.6 × 6.3 mm,
w = 1.
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pulses I01 with a frequency of 150 Hz. When cooled by
an air f low, the steady-state temperature of the SID
unit case was ~70°C. Less heating of the SID unit can
be achieved by using coolers pressed against the f lat
plates. At the same time, the dynistors in the central
part of the unit will be cooled less intensively than the
extreme dynistors.

More uniform heat dissipation from the dynistors
was achieved by dividing the SID unit into three mod-
ules. Each module consisted of two dynistors con-
nected in series. Coolers were placed between the
modules. A photograph of a prototype SID unit of a
modular design is shown in Fig. 5.

When the modular SID unit was started by the CC
control circuit (see Fig. 1), the amplitude of the volt-
age pulses on the DSRD unit turned out to be exces-
sively large (33 kV at a current IL = 350 A). As a result,
it was necessary to increase the number of diodes in
the DSRD unit and take certain measures to increase
the insulation strength of the transformer Tr. Such a
high voltage was due to the relatively large inductance
of the modular unit, which includes the inductance of
the modules and the inductance of the coolers.

In this regard, a triggering scheme for the modular
SID unit was developed, which is shown in Fig. 6.
In this scheme, the switching of SID1–SID3 modules
is carried out with the help of individual control cir-
cuits CC1–CC3 that turn on at the same time. Choke
L0 delays a sharp increase in power current for a time
that exceeds the time spread of the moments of opera-
tion of the control circuits of the CC1–CC3. As a
result, the switching of the delayed module occurs at a
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very low current in the power circuit, the influence of
which can be neglected.

In the experimental SID-switch, the control cir-
cuits CC1–CC3 were constructed in the same way as
the circuit CC in Fig. 1. They form current pulses IL
with the same amplitude (350 A). Since the SID1–
SID3 modules have a low self-inductance and contain
only two dynistors, the voltage on them at the moment
of switching on is ~7.5 kV. At the same time, the volt-
age amplitude on the DSRD units used in the circuits
CC1–CC3 does not exceed 9 kV, and only 10 diodes in
series in each unit. Since a third of the voltage U0 is
applied to the modules in the initial state, only one
K100 diode is used in separating circuits C–D. The
considered structure of the modular switch made it
possible to reduce energy losses in the CC1–CC3 cir-
cuits by 25% compared to the CC circuit in Fig. 1. As a
result, efficient launch of SID1–SID3 modules was
achieved at a lower charging voltage of storage capaci-
tors C1 and with smaller sizes of the transformers Tr.

When blown with air, the modular SID unit was
able to switch current pulses with an amplitude of 3 kA
and a duration of 400 ns, following at a frequency of
500 Hz. The studies were carried out without the
selection of components in the control circuits of
 Vol. 65  No. 5  2022
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CC1–CC3. In this case, the maximum spread of the
moments of switching on the SID1–SID3 modules did
not exceed 5 ns.

A certain advantage of the considered modular
method for switching high-voltage SID units is that it
allows intensive heat removal from dynistors when
using coolers with large dimensions. At the same time,
the relatively large intrinsic inductance of the coolers
does not prevent the formation of nanosecond pulses
for triggering dynistors.

Thus, the results of studies of the developed SID
switches with an operating voltage of 12 kV indicate
that they are able to effectively switch current pulses
with an amplitude of several kiloamperes, which rise at
a rate of tens of amperes per nanosecond. The operat-
ing principles of SIDs make it possible to significantly
increase the operating voltage of SID switches and use
them in nanosecond pulse generators with an average
power of several kilowatts.
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