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Abstract

In this paper, we give a review of some most powerful pulsed systems developed at the Institute of High Current Electronics (HCEI), Siberian
Branch, Russian Academy of Sciences, and describe latest achievements of the teams dealing with these installations. Besides the presented
high-power systems, HCEI performs numerous investigations using much less powerful generators. For instance, last year much attention was
paying to the research and development of the intense low-energy (<200 kV) high-current electron and ion beam and plasma sources, and their
application in the technology [1e3].
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1. Introduction

The Institute of High Current Electronics (HCEI) was
founded in 1977 upon the initiative of the Academician
Gennady A. Mesyats, who was its first director. From the very
beginning HCEI was an academic institute whose main pur-
pose was development of high-power pulsed systems for
different applications. For the achievements in these areas, the
HCEI researchers have received numerous government prizes,
and HCEI is often listed among the best institutions of the
Siberian Branch of Russian Academy of Sciences. Currently
HCEI collaborates with numerous scientific laboratories from
Europe, Asia and America.

2. GIT-12 generator

The most powerful high-current generator of HCEI is
called GIT-12 (Generator of Impulse Current, see Fig. 1). This
generator was developed in 1996. GIT-12 consists of 12
modules, each of 9 parallel Marx generators with 12 series
stages. The power pulses of the modules are delivered to the
central part of the machine along 12 coaxial magnetically
insulated transmission lines (MITLs). At 70 kV charge voltage
the GIT-12 stores 5 MJ of energy [4].

All these years the GIT-12 has been used for the research of
the inductive energy storage technology with various plasma
opening switches (POSs). The goal of the research is to
improve the energy coupling between the Marx generators and
different radiating loads, and to provide desired output voltage
(or current) amplitude depending on the load preferences
[5e7].

Recently, the GIT-12 was used in Z-pinch experiments with
deuterium gas puffs without POSs for the generation of fast
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neutrons at ~3 MA current rising in ~700 ns (Fig. 2). A novel
configuration of the deuterium Z-pinch load has been tested: a
deuterium gas puff was surrounded by an outer hollow plasma
shell consisting of hydrogen and carbon ions to form a ho-
mogeneous, uniform conducting layer at a large initial diam-
eter of 35 cm. As a result of these tests, a neutron yield of
3.6 � 1012 at a high production efficiency of 6 � 107 neutrons
per joule of plasma energy was achieved at 2.7 MA current
(Fig. 3) [8].

3. MIG generator

The team of the High Energy Density Department is
involved in the research of the Z-pinch and high temperature
dense plasma physics, as well as of the high-current relativistic
e-beam diodes. For such multipurpose research, the high-
power pulse generators in this department were developed
using the Linear Pulse Transformer (LPT) Technology
approach as a primary energy storage for charging the water
filled pulse forming section of the generator.

One of such LPT-based generators is the 2.5-TW MIG (Fig. 4)
[9]. The axial length of this generator is ~11 m, the length of its
water filled section is 6 m. The water section includes two pulse
forming lines and a transmission line, which delivers the power
pulse to the water-vacuum interface. In vacuum the power pulse
propagates along the conical MITL to the load. When loaded into
the Z-pinch, the MIG generator with a load current multiplier
currently produces a peak current of ~3 MA rising in 100 ns [10].

Before the upgrade in 1995, MIG generator was called the
SNOP-3. SNOP-3 was used for the implosion of axially pre-
magnetized gas puff Z-pinches, providing even higher
convergence ratio [11] than what was reported recently [12].

4. High power microwaves

4.1. Coherent narrowband radiation

In the Department of Physical Electronics (DPE), a series
of the pulse power generators operating at a high repetition
rate called SINUS accelerators are developed. These acceler-
ators are used for the generation of high-current relativistic
electron beams for investigations in the field of high power
coherent narrowband microwave radiation. All SINUS accel-
erators are based on Tesla transformers with ferromagnetic
cores, which charge the secondary capacitance designed as an
oil-filled coaxial pulse forming line. The SINUS accelerators
are extremely reliable and provide electron energy of

Fig. 2. Novel configuration of deuterium gas puffs with outer plasma shell.

Fig. 3. Neutron yields from deuterium gas puff Z-pinches.

Fig. 4. 2.5-TW MIG generator providing a Z-pinch current of ~3 MA rising in

100 ns.

Fig. 1. GIT-12 pulsed power generator.
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0.2e2 MeV, e-beam current of 1e20 kA, pulse width of
40e130 ns, and reprate up to 1000 pulses per second (pps).

The most powerful of these accelerators is SINUS-7, which
is used for testing of different Cherenkov type oscillators (Fig.
5) [13]. SINUS-7 is able to accelerate the electrons to a peak
energy of 1 MeV, with a pulse width of 50 ns. At 1 MeV
electron beam energy and 20 GW e-beam power, SINUS-7
typically operates in a single shot mode or at few pps. For
high power microwave generation, the reprate of SINUS-7 is
limited by the magnetic system, which is needed for the e-
beam formation and its propagation inside the slow wave
structure. The highest power efficiency of the microwave ra-
diation of ~30% might be achieved at strong pulse magnetic
fields of about 30 kG. At such fields, the microwave power up
to 5 GW is realized on SINUS-7 in S- and K-bands [14,15].
Peak microwave energy per pulse is about 100 J.

To operate at high reprates, the development of microwave
sources with reduced magnetic field strength of 5e7 kG was
very important. For this purpose, a series of SINUS acceler-
ators with reduced output voltage (500 kV) and e-beam current
(�5 kA) were developed. An example of such installations is
SINUS-500, which includes an 80-ns-length spiral line in se-
ries with a 26-ns-length coaxial pulse forming line thus
allowing to increase the output pulse width to 106 ns.
Currently, the SINUS-500 with optimized slow wave structure
and magnetic field decompression drives the Relativistic
Backward Wave Oscillator (RBWO) in a pulse-periodic mode,
providing the 3-cm-wavelength radiation at 320 MW output
power, 90 ns pulse width, 100 pps reprate, and beam-wave
power efficiency of 30% (Fig. 6) [16].

Another important advance of the DPE team is the experi-
mental validation of the theory predicting the possibility to

control the phase of microwave coherent radiation in case the
microwave source is driven by a voltage pulsewith short enough
rise time. It opens the way to multichannel microwave systems
of oscillators with nanosecond pulsewidth. In the DPE, the two-
channel microwave source is developed where the ferrite-filled
nonlinear transmission lines are used to sharpen and shift the
rise time of the driving voltage pulse (Fig. 7). This source ra-
diates at 100 pps 2 � 0.3 GW, 2-ns-width pulses with a central
frequency of 10 GHz, and produces the fourfold higher power
density in the maximum of the interference pattern in the far
zone than each single channel separately [17].

4.2. Ultra-wideband (UWB) radiation

The UWB sources of microwaves with linear polarization
have been intensively investigated for over 20 years. The
figure-of-merit of such sources is the effective potential of the
UWB radiation. In the Laboratory of Microwave Electronics
(LME), the UWB source based on the bipolar voltage pulse
driver and a 64-element antenna array is developed providing
stable microwave radiation with a pulse reprate of 100 pps and

Fig. 6. SINUS-500 with RBWO source operating at 100 pps.

Fig. 5. SINUS-7 with S-band microwave oscillator.

Fig. 7. Two-channel 2 � 0.3 GW source producing the fourfold power density

in the maximum of the interference pattern in the far zone compared to that of

each single channel.
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effective potential of 4.3 MV (Fig. 8) [18]. This source is able
to operate continuously in 10 min.

Compared to linear polarization, elliptical polarization of
microwaves greatly increases the variety of objects feasible for
identification. In the LME, a high power source of UWB ra-
diation with elliptical polarization and a 4-element antenna
array with an effective potential of 440 kV is developed, which
is able to operate at a reprate of 100 pps during 1 h [19].

5. THL-100 laser system

In the Laboratory of Gas Lasers, the THL-100 multi-TW
hybrid laser system of visible range is developed (Fig. 9). This
system includes the START-480M Ti:Sa starting complex
(Fig. 10), the prism stretcher, the XeF(C-A) photochemical
amplifier, and the fused silica (quartz glass) compressor. The
START-480M produces a 50-fs-width laser pulse with an en-
ergy up to 20 mJ at the second harmonic wavelength of
475 nm. This pulse is stretched by the prism stretcher to a
width of 1580 fs, then enters the XeF(C-A) amplifier (Fig. 11).
The active medium of this amplifier is created in the XeF2/N2

gas mixture by VUV radiation of Xe, which is excited by six
e-beams. These e-beams are produced by six vacuum diodes
that are powered by two drivers assembled of LTD cavities
with air insulation. In the amplifier, the laser beam makes 33
passes, then leaves the amplifier and enters the fused silica
compressor, where its width is compressed back to ~50 fs. At
the output of the THL-100 system the power of the laser beam
is 14 TW [20], which is above the power of any other laser
system in the world operating in the visible spectrum [21].
Next goal of the THL-100 team is to increase this power to
40 TW [22].

6. Linear transformer drivers (LTDs)

Unlike in LPT (such as on MIG accelerator), where all
transformer cores locate inside the same cavity, in LTD each
transformer core locates inside its own cavity. Another
important difference is the location of the storage capacitors:
in LPT these capacitors locate outside the cavity and
discharge around the cores along the high voltage cables,
whereas in LTD the capacitors locate inside the cavity and
discharge around the cores along the cavity walls. This design
difference makes the LTD-based accelerators more compact,
powerful, scaleable and flexible compared to that based on
LPT.

First LTD cavities were designed in 1995e1997 by Boris
M. Kovalchuk, the head of the HCEI Pulsed Power Depart-
ment [23]. These were the cavities with 2 bricks, each brick
consisting of one HAEFELY-TRENCH storage capacitor
(90 kV, 3.95 mF, 10 nH, 13 mU) and the spark gap switch. The
~4 mF capacitance of HAEFELY-TRENCH capacitor deter-
mined the ~1 ms output pulse width of these first LTD cavities.
Such kind of LTDs are used in the Sphinx generator at CEG,
France (Fig. 12) [24].

Fig. 8. UWB source with linear polarization and a 64-element antenna array

providing an effective potential of 4.3 MV.

Fig. 9. THL-100 hybrid laser system.

Fig. 10. START-480M Ti:Sapphire starting complex.

Fig. 11. XeF(C-A) amplifier with two air insulated LTD drivers.
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Next step was the development of LTD cavities with
~100 ns output pulse width. To reduce the pulse width from ~1
ms to ~100 ns, numerous bricks with small capacitive storage
capacitors, each with its own spark gap switch, were suggested
to be applied in the LTD cavity. Total number of such bricks in
the cavity is a function of the required output current.

Currently, two types of LTD cavity with ~100 ns pulse
width are available at HCEI: one with atmospheric air insu-
lation inside the cavity, and the other with transformer oil
insulation. Air insulated LTDs are designed of the bricks with
GA35426 (100 kV, 40 nF) double ended capacitors in plastic
cases, which are sealed in pairs into the single epoxy body
(Fig. 13) [25]. This body prevents the capacitors from flashing
along the capacitor cases at 100 kV charging in atmospheric
air, and has an additional cavity for the spark gap switch of 6
parallel channels, that operates in atmospheric air also. Each
of these capacitors and a half of the switch of 3 parallel
channels represent one single brick of the LTD cavity with air

insulation. The air insulated LTDs are used in two e-beam
drivers of the THL-100 laser system. Each of these drivers
includes 12 series cavities, and each cavity consists of 8 par-
allel bricks [26]. The advantage of the air insulated LTD cavity
is that it does not require to disassemble the whole driver to
replace its damaged bricks.

The oil insulated LTDs are more powerful, compact and
reliable but less comfortable in maintenance than those with
air insulation, because they require to disassemble the driver
for the replacement of the damaged bricks. The most powerful
oil insulated LTD cavity produced and tested at HCEI is the 1-
MA LTD cavity including 40 bricks, each of 2 series GA35426
storage capacitors and ±100 kV spark gap switch with corona
discharge for voltage distribution (Fig. 14). The optimum load
impedance of this cavity is 0.1 U, at ±100-kV charging it
delivers to such load the 0.1-TW-power, 1-MA-current pulse.
In 2007 the module of five 1-MA LTD cavities was tested at
HCEI with the resistive and e-beam diode loads [27], and in
2008 ten such cavities were shipped to Sandia National Lab-
oratory [28].

Spark gap switches, storage capacitors, and ferromagnetic
cores are the most important components of the LTD cavities,
their reliability determines the vitality of the whole LTD
technology. Unlike the cores and the capacitors, the LTD
switches are still in the developmental stage and are designed
and built mainly by various laboratories. The best life time of
more than 105 shots, prefire probability of ~(2e6) � 10�5, and
1-s jitter of ~2.2e4.5 ns was demonstrated recently in tests at
±100 kV charge voltage and 4.0 ata dry air pressure of the
HCEI spark gap switches for oil insulated LTDs, which are
using corona discharge for voltage distribution between the
switch gaps [29], and also of the switches without any special
voltage divider developed at the Northwest Institute of Nu-
clear Technology (China) [30].

7. Conclusion

The results described above, as well as the development of
various low-energy high-current particle beam and plasma
sources for technological application [1e3] demonstrate that
the Institute of High Current Electronics is a progressive

Fig. 12. Sphinx generator in 2004 at CEG, France.

Fig. 13. Two parallel bricks of the air insulated LTD cavity in (a) top view and

(b) side view: 1 e single epoxy body, 2 e two GA35426 storage capacitors

sealed into the body, 3 e multigap, 6-channel spark gap switch.

Fig. 14. 1-MA LTD cavity with transformer oil insulation.
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member of the modern world-wide pulsed power community.
HCEI is open for collaboration within the most burning
problems with other pulsed power laboratories. Last year, for
example, we are working with the Chinese scientists in the
designing of the LTD drivers for the Z-pinch ICF program
[31].
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