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Department of Thermonuclear Research Annual Report 19s6 presents a
short review of theoretical and experimental studies as well as of main
activities in the field of technology. Selected theoretical problems are
considered. Experimental studies performed with ion-implosion facilities
and plasma-focus /PF/ devices are characterized.Technological efforts
connected with the construction of new plasma facilities, the optimiza-
tion of the PF machines, as well as the elaboration of new H.V. gene-
rators and special electronic systems, are summarized.

Raport roczny 1986 Zakładu Badań Termojądrowych przedstawia krótki
przegląd badań teoretycznych i eksperymentalnych oraz najważniejszych
prac z dziedziny technologii. Rozpatrywane są wybrane problemy teo-
retyczne. Opisane są badania eksperymentalne przeprowadzone na ukła-
dach z jonową implozją i urządzeniach plasma-focus /PF/.Podsumowane
są prace technologiczne związane z budową nowych urządzeń plazmo-
wych, optymalizacją układów PF, jak również opracowaniem nowych ge-
neratorów WN i specjalnych układów elektronicznych.

Рапорт за 1986 г. Отдела термоядерных исследований предеталля-
ет краткий обзор теоретичческих и экспериментальных исследова-
ний, а также основных работ в области технологии. Представлены
избранные теоретические проблемы.Списаны экспериментальные ис-
следования проведены на устройствах с ионной имплоэей и уста-
новках плазма-фокус /ПФ/.Представлены основные результаты тех-
нологических работ связаиых со стройкой новых плазменных обо-
рудований, оптимализацей установок ПФ, а также разработкой но-
вых генераторов В.Н, и специальных электронных систем.
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1. PREFACE

Ъу M.Sadowski

The Department of Thermonuclear Research /P-V/ of the Institute
for Nuclear Studies /IPJ/ in Świerk, Poland, is engaged in theoretical
and experimental studies in the field of high-temperature plasma phys-
ics and technology, which are directed towards the mastering of the
controlled thermonuclear fusion reactions.

Present research activities of the Department can be divided into
5 main directions:

1. Selected theoretical problems,
2. Experimental studies with ion-implosion facilities,
3. Experimental studies with plasma-focus devices,
4. Technology of thermonuclear facilities,
5. Applications of plasma devices and pulsed supply systems for tech-

nological purposes.

The 19s6 fiscal year was the first of a new Five-Year Plan
/1986_1990/. During 1986 some changes in the organization of the
Department were introduced. Since May 1986 the Head of Department
became As soc. Prof .Dr. M.Sadowski, who replaced Dr. Z. Jankowie z.
Three specialized Laboratory Groups were formed. The first Labora-
tory Group responsible for Plasma-Focus devices and H. V. supply
systems has continuously been headed by Assoc.Prof.Dr.A.Jerzykiewicz.
The second Laboratory Group responsible for ion-implantation facilities
has been directed by Dr.J.Langner, and the third Laboratory Group
responsible for the SOWA ion-implosion programme has been headed
by Assoc.Prof.Dr.M.Gryzinski.

During 1986 the theoretical studies concerned elementary atomic
processes, numerical modelling of a Tokamak edge plasma, and model-
ling of the semiconductor's melting during an ion doping procedure. The
experiments were concentrated on investigations of the plasma ion im-
plosion within cylindrical multi-rod electrode systems /SOWA-ЛОО,
MAJA and IBIS/, and on studies of plasma focus phenomena in different
devices /PF-ЗбО and PGN/. In particular, the emission of X-rays,
ions, and neutrons from the facilities mentioned above, was investiga-
ted and analyzed. Attention was also paid to the development of new
plasma diagnostic methods and equipment. Technological studies included
the desing and construction of plasma facilities for pulsed ion doping
/PID technology/, the optimization tests of the plasma-focus devices,
and the construction of high-voltage supply systems. Some efforts were
devoted to designing and testing special electronic systems for research
and industrial purposes.
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Some scientific and technological studies were carried out within
a framework of the collaboration with other institutions. In particular,
the theoretical studies were performed in a cooperation with the Nuc-
lear Theory Department of the same Institute, and the plasma-focus
programme was correlated with the Institute of Plasma Physics and
Laser Microfusion in Warsaw.

International cooperation on fusion research was promoted mainly
on the basis of governmental agreements. In particular, the scientific
collaboration with the Kurchatov Institute in Moscow /Soviet Union/,
and with the Central Institute for Physics in Bucharest /Rumania/ was
developed. The scientific cooperation with the Institut Mr Plasmafor-
6chung in Stuttgart was also continued.

The 1986 year's work collected several highlights. Interesting new
results were obtained with the SOWA-400 ion-implosion facility. The
dynamics of the generation of ion pulses in the MAJA device was in-
vestigated. New plasma facilities designed for PID technology were
brought into operation.. A new 600 kV surge generator was constructed,
and after successful tests it was shipped to Syria.

This report present short summaries of the most important scienti-
fic and technological activities.

2. THEORY AND COMPUTATIONAL PHYSICS

2.1. Theory of Elementary Atomic Processes
by M.Gryziński, M.Kowalski, M.Wlazło

To describe correctly an interaction of deuterium ion beams with a he-
lium target it is necessary to have a good atomic collision theory at a dis-
posal. The theory which is widely used in various plasma calculations is
based on the binary encounter approximation. In order to use this theory
effectively, one should have a correct atomic model. Among various ele »
ments helium plays a very important role. From the experimental point of
view helium is a product of the basic fusion reactions. From the theoreti-
cal point of view, since the atomic hydrogen is unstable under normal phy-
sical conditions, helium is the simplest atom for which good experimental
data exist.

In the present studies use has been made of a simple free-fall atomic
model . The results obtained have shown that the model offers a good
description of the nature, since various atomic collision processes can
be successfully described. Particular attention has been paid to:

1. Collisional ionization [1] , as shown in Fig. l .

"""See for example: M.Gryziński, Phys.Lett. 56 Л /1976/ 180-2
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2. Angular distribution of ejected electrons C2] , as shown in Fig.2.
3. Scattering of slow electrons [3], as shown in Fig.3.

Since the simple free-fall atomic model seems to describe the real
atom rather approximately, some efforts towards the construction of
more sophisticated forms of the collective motion of two electrons were
investigated, and a set of orbits, which may represent the atomic shall,
has been found. Energy spectra of electrons ejected from helium by
protons were calculated for various forms of the collective motion,
using the binary encounter approximation, and they have been compared
with the experimental data (4].
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Fig.l. L-shell ionisation by protons. Experimental data:
«-,©, H.Shima et al /1971/; ©,3,B,A,X,$,*,Jopson
et al /1962/; • , + , • , • , Bernstein and Lewis /1954/.
Theoretical data: A, free-fall /trajectory corrected/;
B, free-fall /atomic field neglected/; C, Bohr.
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Fig.2.The angular distribution
of electrons ejected from
helium by protons.
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Fig.3.The angular distribution of
scattered electrons for two
basic forms of collective
motion of two electrons in
the Coulomb field of nucleus.
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Fig.d.Differential cross-section for
ejection of electrons from
helium by 300keV-protons.

Although the accuraay
of the present experiments
does not allow to draw the
final conclusion about the
detailed form of the elec-
tron orbit in the helium
atom /see Fig.4-/, there
is no doubt about the do-
minant role of the radial
component in the electron
motion.

New theoretical studies
aimed at the precise de-
scription of e-H and p-H
collision processes within
the classical physics ap-
proximation have also been
undertaken.
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2.2. Numerical Modelling of Tokamak Edge Plasma
by Z. Jankowiez, M. Rabins ki

In order to perform, computational studies of a tokamak edge plasma
a self-consistent one-dimensional model has been considered [5] . As
known from the literature, a full theoretical description of transport
processes in the scrape-off layer and poloidal divertor can be divided
into three subproblems. One can distinguish a model of a background
plasma, a description of a neutral gas, and that of the impurity dyna-
mics.

For the plasma use has been made of a two-fluid model based on the
Braginskii equations of the conservation of mass, momentum, and the
ion and electron energies. Four source terms in these equations are
computed separately from a neutral particle transport code, which
includes various atomic and molecular processes as well as a recom-
bination of ion striking the walls and divertor plate. Such a model
requires introducing, as input data, the values of the plasma densities
and temperatures, apart from the total ion flux onto the neutralizer
surface. Another important part of the program has to describe the
impurity flow along the magnetic field lines. The impurity ions can be
modelled by a set of continuity and momentum conservation equations.
Each of ionization states, treated as a separate fluid, is coupled to
the neighbouring states by ionization and recombination terms, and to
the background plasma via collisions and an electric field. The col-
lisions between impurities can be neglected, and for simplicity all the
impurity temperatures are assumed to be equal to the plasma ion tem-
perature. In such a case the influence of the impurities on the edge
plasma is limited to the determination of radiation losses.

The finite-difference implicit scheme anticipated for the numerical
solution of the plasma model equations is based on the first-order
Taylor expansion of nonlinear terms. The technique of Crank-Nicolson
type leads then to the tri-diagonal matrix equations, which can be sol-
ved for each iteration by the well known Thomas method. The simula-
tion of the neutral gas can be performed by the modified SEURAT
Monte-Carlo code . The selfconsistency of the whole model should be
achieved by appropriate iterating of the plasma, neutral gas, and
impurities equations.

It is assumed that one-dimensional program described above will
be developed into the two-dimensional one by including the radial
transport processes.

•*"!>.B.Heifetz, D.E.Post "SEURAT": a Monte-Carlo Algorithm for
Calculating Neutral Gas Transport in Non-Circular Axisymmetric
Toroidal Plasmas", Сотр.Phys.Communications 29 /3/ 2^3-299,
1983. —
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2.3. Preliminaiy Analysis of PF + IB Experiment Proposed
by M.Rabiński, S.Gębalski

A preliminary analysis of a Plasma-Focus + Ion-Beam combined ex-
periment has been performed [6] . In the experiment under considera-
tion the ion beam generated by the RPI-type fa ility should be intro-
duced into a dense pinch of the Plasma-Focus device. The technical
problems, such as the operation of PF machine with a pulsed gas
valve, being a requisite of the co-operation of both installations within
a common vacuum chamber, are considered. The main difficulty lies in
the extremely different gaseous and electrical discharge conditions
under those the component installations have to be operated.

On the basis of analytical formulae obtained from the one-dimensional
simple models, sor.ie probable physical effects in the combined
experiment have been estimated. Also the directions of further theoretical
and computational studies are formulated in order to perform more
detailed investigation of complex physical phenomena induced in the
pinch by the ion energy deposition.

2.4. Numerical Modelling of Silicon-Sample Melting During Ion-Beam
Doping
by M.Rabiński

A one-dimensional computational program has been developed [7] for
an investigation of melting and resolidification processes in a silicon
sample exposed to an intense ion-beam pulse. A mathematical model
of the problem is given by the he at-conduction equation with the tem-
perature-dependent conductivity, and with the free boundary control-
led by heat-flow balance on the surface of phasechange. In the code
presented the latent heat absorbed /or liberated/ during the change
of state is treated as a moving heat sink /or source/ located at the
liquid-solid interface. The ion-beam parameters determine the time -
dependent heat flux at the sample boundary, or during a more detailed
analysis the yield of the inner source resulted from the ion-energy
deposition in the material. A finite-difference implicit method of Crank-
Nicolson type has been used for numerical solution of the conduction
equation. Because of the problem nonlinearity some iterations are
necessary, and a special highly-efficient treatment has been proposed
for an acceleration of convergence.

A current approach is to investigate the influence of several beam
parameters /such as a time-dependent pulse shape, ion energy, etc./
on the melting depth, in order to optimize a distance between the sam-
ple and the ion source.
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2.5. General Theoretical Problems
by W.Frejlak, W.Nawrót

Starring from a Lagrangian treatment of a classical electromagnetic
interaction of moving charges, one can try to find a generalization of
the Darwin Lagrangian for charges moving with arbitrary velocities
/v<c/ . A thorough analysis of theoretical and empirical fundations of
the standard Maxwellian field-theory /including the Lorentz force/ has
been performed. It has been found that there are only two good solu-
tions of the problem in question, which are in conform^' with the re-
sults of the most fundamental experiments [8] . At the same time a
quasi-Newtonian approximation of the classical relativistic theory of
the electromagnetic interaction have been found, which can be used in
many important applications.

A new model of a complex space-time /with 3 real and 3 imaginary
dimensions/ has been proposed[9]. It makes possible to consider a
time dimension in two different ways, as an imaginary or real one.
Definition of a time is equivalent to the choice between two four-dimen-
sional space-times /constituting subspaces of the complex space/ in
which the time is measured by the proper time of an observed object.
A mutual observation of two bodies, existing in the same subspace,leads
to effects predicted by the special theory of relativity. Each of two
observers placed in two different subspaces can observe one another
only as a quantum of radiation. An analysis based on this mode! leads
to the conclusion that the description of a body should take into ac-
count its time-extent.

3.EXPERIMENTS

3.1. SOWA-400 Ion-Implosion Experiment
by M.Gryzinski, S.Chyrcżakowski, W.Komar, J.Stanislawski

The interaction of powerfull ion beams with a "warm" plasma
target constitutes the main problem of tŁ.e Ion-Optic Fusion concept .
In the SOWA-400 experiment there have been used cilindrically-formed
radially-convergent ion beams directed towards a gaseous target pro-
duced at the z-axis of the device, as shown Fig . l ,

The gaseous target was formed with a high-pressure fast gas valve
[10] . Density of that target was measured by means of a laser inter-

ferometry /in a high density region/ and with an ionization probe /in
a low density region/. To investigate dynamics of the target high-speed
photography methods have been used.

M.Gryziński et a l . , PlasmaPhys. and Controlled Nuclear Fusion
Research, 1978/IEA, Vienna 1979/, Vol.IIi,p.225



Fig. l . Schematic view of a chamber
of the SOWA-400 experiment.

The time evolution of the target, as observed at various initial gas
conditions, have been shown in Fig.2.

In order to collect some information on the ionization state of the
target, spectroscopic and X-ray measurements have been carried out.
The radiation of the target atoms /helium/ and that of beam atoms
/deuterium/ were observed with monochromators, as shown in Fig.3.

Fig. 2.Pictures from ultra-fast
camera SFR showing the
time evolution of the
Ar-target.

Fig. 3 . Time dependence of
He II 4685.682 A line and
the corresponding pic-
tures from the SFR
camera.
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The X-rays emission was
also measured with a pinhole
camera, as shown In Fłg.4.

The results obtained show
that the ion-beams produced
in the active region can
compress a relatively dense
gas-target and that process
is quite symmetrical. For
the first time the implosion
effect with the radially con-
vergent ion-beams, produced
by a gas-controlled dis-
charge between the multi -
rod electrodes, has been
observed [1Ц . This experi-

ment leads to the next stage of ion-optic fusion studies. The prelimi-
nary results presented above constitute the basis for further inves-
tigations of the implosion dynamics by means of more-advanced diag-
nostic methods.

Fig. 4. The X-ray emission from Ar-target
observed with a pinhole camera.

3 . 2 . The MAJA Experiment
by E. Składnik-Sadowska, J.Baranowski, M.Sadowski, J.Źebrowski

In 19s6 the experimental studies were concentrated on the mass -
and energy - analysis of ion beams emitted from the MAJA 60-kJ ma-
chine equipped with conical multi-rod electrodes [12] . Tune-integrated
ion measurements were carried out by means of a Thomson analyser. •
To perform time-resolved measurements and to study dynamics of the
ion emission, the analyser has been endowed with a set of miniature
NE-102A plastic scintillators located in various points on the deuteron
parabola track. Different modes of the MAJA operation have been in-'
vestigated. It has been found that for a high-pressure /slow/ mode
an average deuteron energy E]) is about 20 keV, while for a medium
mode this rises up to 50 keV, and for a low-pressure /ionic/ mode
this reaches 82 keV. The time-resolved measurements have shown that
the deutron emission /independently on the operational mode/ lasts
some 200 ns. Some examples are presented in F i g . l .

Particular attention has also been paid to studies on the correla-
tion of the ion pulses with voltage- and current-waveforms, as well
as with the neutron emission. It has been observed that for a low-
pressure /ionic/ mode the deuteron emission is well correlated with
a peak of overvoltage measured at the main collector plates. The
neutron measurements have shown that the most effective is the high-
pressure mode. It has been found that the total yield Yn equal to
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somc 10 neutrons per discharge can be interpreted as a result of
a beam-target interaction [12J .

Fig. l . Typical ion mass-spectrogram /upper picture/, as obtained by
means of a Thomson analyser with an UV-2 plate for a low-pres-
sure /ionic/ mode of the MAJA facility operation, and time-resol-
ved ion signals /lower pictures/, as taken with miniature plastic
scintillators. The oscillogre-*» on the left corresponds to 35*5 keV
deuterons, and that on the rib.it corresponds to ljOi2O keV
deuterons.Experimental conditions: Uo=40kV, Wo = 20kJ, T= HOus.

Since the 60-кJ current pulse generator used to supply the MAJA
facility was partially broken-down by numerous discharges, a moder-
nization of the generator has been undertaken [13J . Anew system for
blowing-through the H.V. spark-gaps has been installed. All the sparV-
gaps have been renovated and adopted to the operation at Л0 kV.
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In order to widen the research domain 4 new generator sections of
the total capacitance equal to 4xl2jiF have been mounted and fited
up for the normal operation.

3.3. The IBIS Experiment
by J.Langner, J.Appelt, K.Czaus, J.Gosk, Г.Górski

The IBIS /Ion Beam Implosion System/ belongs to a new generation
of RPI-type devices. It was designed in 19&5. Its condenser bank of
a rated energy equal to 60 kj is planned to be increased to 180 кJ.
The IBIS construction is based on several new technical solutions and
in particular on:

- new capacitor units /each of 15 kj at 50 kV/ of high-current pulse
generator,

.. low-inductance cables equipped with special high-current plug-in
junctions,

- compact high-current collector plates with a polyamide sheath
insulator.

Subunits similar to those of the IBIS device are planned to be used
in the construction of a new SOWA-1000 facility.

In 1986 a program of technical testing of IBIS subunits at the 60 к J
level was performed. The experiments carried out so far have proved
that exploitation characteristics of those subunits are satisfactory.
It has been measured that an inductance of four-section eight-cable
generator is 104 nH, and its short-circuit reaches 550 kA at 40 kV.

Particular attention has also been paid to the operation of a sys-
tem used for filling-up the chamber with a working gas. Two methods
of gas injection into the interelectrode volume have been tested. Using
fast pulse valves, radially convergent streams and radially divergent
ones have been investigated. Gas-density distributions have been mea-
sured by means of a glow-discharge probe in order to determine their
time variations as well as gas cloud symmetry and the total number
of gas particles within the interelectrode region.

It has been found that a correlation exists between a quantity of
the gas injected into the interelectrode volume and an electric charge
flowing through the injector within a period from the ignition to ap-
pearance of an overvoltage peak [14] .

Pulses of neutron radiation have been also registered.
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З.Д. PF-ЗбО Plasma^ Focus Optimization Studies
by A. Jerzykiewicz, M.Bielik, S.Brandt, K.Kociecka.
L.TCociński, J.Kuciński, W.Nawrót

The main aim of investigation was to shift the saturation of the
neutron yield characteristics towards higher energy. Assuming that
one of the reasons of the saturation effect could be too high initial
velocity of the current sheath, an effort was undertaken to reduce
its value. The easiest way of reducing the velocity was to add some
gas more heavy than deuterium, e.g. nitrogen. Such tests have been
carried out with electrodes which enabled the maximum neutron yield
to be obtained, i .e . with a 100-mm-dia. inner electrode and a
150-mm-dia. outer one. The both electrodes were 300 mm long, while
the alumina insulator of the same diameter as the inner electrode,
was only 80 mm long. With different amounts of nitrogen /up to 2%
of t!.e deuterium volume/ it was found that the admixture of some
0.5% N2 has no distinct effect on the neutron emission, but a larger
amount of N2 provokes a decrease in the neutron yield [15] .

Other tests to influence the process of the axial acceleration of
the current sheath by means of a preliminary discharge were also per-
formed. Use was made of a 175-kA predischarge which amounted to

about 12 % of the main current at
126kjand to about 8% of that at
170 kj. For the electrodes described
above the both polarities of the pre-
discharge were tested, while for
other electrode configurations only
the positive polarity of the predis-
charge was investigated [15]. Since
the tests demonstrated that the best
effects are attained when the main
discharge starts at the maximum of
the predischarge current, most of
investigations was performed under
such conditions. It was found that
the predischarge of the negative
polarity induces a distinct decrease
in the neutron yield, as shown in

Fig. 1. Neutron yield vs pre s sure Fig. 1.

On the contrary, the predischar-
ge with the positive polarity makes
possible the neutron emission to be
obtained under conditions for those
it has not appeared before. Even
with that polarity the total neutron
yield is below 10 1 1 neutrons per
pulse. It has also been found that,

va . 20 kv
v„.-JOkV
Vo - 25 kv

•I

1. Neutron yield vs pressure
with and without predis-
charge; electrodes фЮО/
ф 150, insulator length -
60 mm, Vm- main capa-
citor bank charging vol-
tage , V"a - auxiliary ca-
pacitor bank charging
voltage.
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due to the predischarge, the maximum of the neutron yield characteris-
tics is shifted towards a lower pressure, and this effect suggests a
more effective mechanism of a gas removal from the interelectrode
region.

Detectors used for time-resolved mesurements of neutron pulses
are usually shielded with a lead layer. Therefore, special tests on
neutron scattering by a natural lead have been performed in the energy
range observed at PF facilities. The neutron calculations have been
carried out by means of the ANISN-W Code , and the measurements
have been performed with the AN-2 neutron generator producing 10
neutrons per second. It has been found that the neutron energy change
from 2 MeV to 2.7 MeV causes about 30% variation in the neutron
transmission through a 100-mm-thick lead shield, but the flux of the
neutrons scattered in the direction perpendicular to the incident beam
is not changed. This effect can be used for time- and space-resolved
neutron mesurements connected with simultaneous energy analysis of
two successive neutron pulses, provided that they are quasi-monoener-
getic ones.

3,5. The PGN Experiment
by J.Kuciński, S.Brandt, A.Jerzykiewicz

Studies realized with the Plasma Generator of Neutrons /PGN/
were aimed at an increase in the operational voltage /energy/ and
the investigation of an elevated discharge repetition rate. In particular
an influence of those factors on the neutron emission was investi-
gated. The studies were performed with the electrodes of a diameter
of 20 and 50 mm, respectively, and of 95 or 100 mm in length. The
insulator was 40 mm long, and the initial deuterium pressure was chan-
ged from 0.6 to 12 Torr. The condenser bank of a capacitance of 2.0,
4.0 or 4.4 jiF, was charged up to 45 kV. The neutron yield, as ob-
tained at a low repetition rate, has been shown in Figs 1 and 2.

The neutron emission has also been investigated at the repetition
equal to 8 p . p . s . This value has appeared to be a limit because of
restricted possibility of an arc suppression inside the switching
spark-gaps.

It has been found that an average neutron yield at the high repe-
tition rate and a continuous deuterium flow through the experimental
chamber, is about 20% higher than that for the operation at the low
repetition [l6] .

*RSIC-ANISN-W ORNL CCC-255
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Fig. 1. Neutron yield vs pressure;
a - l-95nun,Co-4.4pF, D2 flow,
b - l-100mm, Co-4.0jxF, no D2 flow,
с - 1-100mm, C o -2.0pF, no D2 flow,

1 - electrodes length.

* C,-400fjF I -95 mm

о C-tMpF I-100mm

« C.-2D0fiF l-IOOmm

Fig.2. Neutron yield vs energy;
1- electrodes length.

The elevated repetition rate is also beneficial because of decrease
of differences in neutron yields of successive shots, as well as be-
cause of a more reproducible shape of neutron pulses, as shown in Fig.3.

tftu/u i/au/ot am/u/u

Ht/kJ/Tocr

Fig.3. Tjme resolved neutron pulses measured
at various repetition rates.
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3.6. Special Diagnostic Methods
by M.Sadowski, L. Jakubowski, E .Rydygier, J.Źebrcwski

In I986 an analysis of the correlation of X-ray and neutron emis-
sions from an. ion-implosion system was finished [17] . The analysis
has shown that the soft /<1 keV/ X-rays emitted from an ion-beams
focus region at the z-axis of such a system are produced by electrons
interacting with ions in a dense plasma, while the hard />6 keV/
X-rays emitted mostly from the electrode rods and the chamber walls
are the result of their bombardment by fast electrons. The energy of
the hard X-rays, on the contrary to that of the soft X-rays, does not
depend on gas conditions and on the direction of the emission. A com-
parative analysis of the X-ray and neutron measurements revealed that
the intensity of the hard X-radiation /1^ as well as j \&tl and the
total neutron yield /Yn/ are directly proportional, as shown in Fig. l .

Similarity of time-resolved
neutron- and hard X-ray-pul-
ses from the ion-implosion
system investigated, as well
as the correlation and ого-
portionality of these wave-
forms favour the hypothesis
of a beam-target mechanism
of the neutron production [17].

Studies on the X-ray and
ion-beam emission from dif-
ferent plasma-focus facilities
have also been analyzed. The
most important results of these
studies have been summa-
rized in a review paper pre-

Fig. 1.Intensity of hard /1 and 2/ and sented at the Polish-Rumanian
Plasma-Focus Seminar that
was organized in Bucharest
in November 1986 [IS]. Al-
though the axial filamentation
of a pinch column was obser-
ved in different PF facilities,
and a multi-spike character
of the ion-beam emission was
confirmed by various PF ex-

periments, it has been stated that further theoretical and experimental
studies on these phenomena are required.

In 19s6 particular attention was also paid to a development of
diagnostic techniques for experimental studies of RPI - and PF -
discharges. First of all an adaptation of known measuring methods
and devices was performed [19] :

Neutron yield

. 1 . Intensity of hard /1 and 2/ and
soft /3/ X-ray emission versus
the neutron yield from the RPI-
- SOWA-150A ion-implosion de-
vice, as measured for a series
of shots with different values of
a time delay determining the gas
conditions.
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A vacuum X-ray pinhole camera was equipped with a set of minia-
ture scintillators and light-pipes for observations of fast changes
in a structure of a plasma focus within the PF-ЗбО experiment,
as shown in Fig.2.

280 „F
30-40 IV

phoiomullipliers

onli-neutron shield

photomultipliers

fbrodoy cage

Fig.2.Diagnostic equipment at the PF-ЗбО
experimental facility.

2 . A Thomson mass-spectrometer and in particular its inlet system
was fitted for measurements of low-intensity ion beams emitted by
the PGN plasma-focus facility.

3 . A detection system of another Thomson analyser was adopted to
studies of the dynamics of an ion emission from the MAJA ion-
-implosion facility.

4 . An equipment used for measurements of an angular distribution of
the ion emission by means of CN-films covered with AL-filters
was modified to make possible a single exposition of the films
applied,

New measuring methods and equipment have also been developed
[19]:
1°. To study ion beams emitted by the PF-ЗбО and RPI-MAJA facili-

ties a new equipment with miniature witness-plates was designed.
For this purpose use was made of small metal targets which have
later been analyzed with an electron scanning microscope.

2 . To enable simultaneous ion measurements at different angles in
relation to the z-axis of the PF-system to be performed, a
special setup of adjustable skimmers was constructed.

3 . To investigate electron beams emitted from a plasma focus, a new
magnetic analyser was designed and fitted for measurements within
the PF-ЗбО facility.
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4. TECHNOLOGY

4,1. Plasma Facilities for Pulsed Ion Doping
by J.Langner, K.Czaus, E.Górski, M.Gryziński, A.Horodeński,
M. Wójtowie z - Z.P-V;
J.Piekoszewski, C.Pochrybniak, Z.Werner - ZDA]

Л new method of the generation of powerful ion beams, which was
originally developed for nuclear-.fusion research , has been applied
to the modification of mechanical and electrical properties of solid
surfaces. In particular, a new method of the implantation, so-called
Pulse Implantation Doping /PID/, has been developed . The method
ha» been successfully used to production of photovoltaic cells C20] .

Since the reliability of ion-beam producing devices and the repro-
ducibilit3' of beam parameters
pla3<-s a decisive role in technolo-
gical applications, a technical
program of the RP1 facility moder-
nization has been undertaken. The
program has included an instal-
lation of new supplying and con-
trol systems. A general view of
the modernized RPI-15 facility
/now called JONOTRON-S5/ is
shown in Fig. l .
Basic technical parameters of the
facility are as follows:

rated energy 30 kj
rated voltage 50 к V
capacity of the condenser
bank 24;iF
inductance 110 nil
short-circuit current 350 кЛ

Fig.l. General view of
JONOTRON-85 facility.

* « •

"M. Gryziński et al . , Proc. 7 th Int. Conf. Plasma Phys. Control. Fusion
Res., Innsbruck 1978, 1AEA-CN-37/V-4/1979/225.

J.Piekoszewski, M.Gryziński, J.Langner, Z.Werner.
J.Phys. 43/1982/1353.
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Some results of measurements of the beam energy distribution, as
obtained with the JONOTRON-85 facility, are presented in Fig. 2.

Fig. 2.Examples of energy density distributions
of ion beams emitted by JONOTRON-85;
a - BF3 gas, delay time - 150 jus,

source-target distance - 25 cm;
b - H2 gas, delay time - S7 y.s,

source-target distance - 55 cm.

The construction
of a new ion-beam
producing device de-
signed for various
technological appli-
cations /so-called
JONOTRON - 66/
has also been fi-
nished, as shown
in Fig.3.

Fig.3. General view of
JONOTRON-86 facility.
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4.2. New Plasma-Focus Facilities
by A.Jerzykiewicz, L.Kociński, W.Nawrót,
W.Polak, J.Witkowski, W.Wyszyóski

In 1986, construction and endorsement activities connected with
a laboratory building for a new PF-1000 facility /of a rated energy
equal to 115OkJ/ have been considerably advanced. A control room
has been commissioned and some equipment has been installed. The
final assembling of a control desk and a relay control system, as
well as that of a switching circuitry for a power system, has been
completed. Also the main charging unit has been installed and the
completion of all the basic components has just been finished.

A test stand for studies of the initial phase of discharges in
a plasma-focus device has been completed and put into operation [2l].
A schematic view of this stand is shown in Fig.l .

The stand consists of
.._ a v a c u u m chamber /iden-

tical with that of the
PF ЗбО-facility/, coaxial
electrodes, pumping units,
deuterium filling system
and power supply. To
make possible observa-
tions of an insulator sur-
face the electrodes have
been placed close to the
center of the chamber, and
the outer electrode has
been assembled from se-
veral thin rods. The con-
struction enables to use
electrodes and insulators
of different dimensions, as
well as to apply special
edges and inserts. It makes

experimental conditions. The
be charged to 300 kV.

Fig.l.Test stand for studies of initial
phase of PF discharge. 1 - vacu-
um chamber; 2,3-electrodes,-
4- insulator.

possible to perform tests under various
condenser bank supplying this stand can

Using the POISSON code elaborated before, which enables to sol-
ve the Poisson equation numerically, a number of calculations has been
performed to determine an electric field distribution under initial con-
ditions in the electrode-insulator system of the plasma-focus facility.
The main aim of these calculations was to investigate a possibility of
active influence on the initial conditions of discharges before starting
experimental tests.
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Fig.2. Computed electric field distribution between
<j> 100 / ф 150 PF electrodes; alumina insu-
lator - £0 mm in length.
a/ - 5 mm clearance under the insulator,
b/ - without clearance under the insulator.

In Fig.2 there has been shown, for example, an influence of a
clearance under the insulator oh the electric field component adjacent
to the insulator surface.

4.3. Pulse H,V. Generators and Prototype of a Pulse Power Supply
for CO2 Laser
by A.Jerzykiewicz, M,Bielik, K.Kocięcka, L.Kociiiski, W.Polak,
J.Witkowski, W.Wyszyński

Assembling and tests of the power supply prototype-unit have been
completed. The rated parameters of this unit are as follows:

maximum operating voltage 180 кV,
capacitance 1.6 jiF,
inductance 300 nH,
energy 26 kj.
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The unit is divided into two branches charged symmetrically.
In each branch there are P capacitors lK-100-0.4.jiF. Four pres-
surized spark-gaps of a rated voltage of 200 kV are mounted in par-
allel on an insulating plate, that insulates one branch from the other.
The power supply unit tests have been performed using an equivalent
load made of SiC non-linear resistors. The inductance measured has
been 250 nH. A switching jitter, as measured at 50 kV triggering -
voltage pulse rising with the stepness of 5 kV/ns, and at the control
factor equal to 0.9, has been ±25 ns. It has been shown that under
such conditions the supply unit can operate within the voltage range
from 50 to ISO kV.

The GU-600 generator has been completed and tested. The GU-
type generator of a rated voltage of 600 kV is designed for generat-
ing full or chopped lightning and switching impulses according to the
requirements of IEC Publication 60-2 /1973/ - Part 2. The system
generates 1.2/50/is lightning impulses of 50/1000, 100/1000, 25О/25О1"
500/4000, 500/10000, and 1000/4000 ^is. Its rated energy is 7.5 kj.

The generator shown in Fig.l is composed of the following sub-
units:
- three-stage Marx-type generator,
- front capacitor units employed also as the impulse dividers,
- charging unit,
- chopping spark-gaps,
- spark-gap triggering system,
- control desk,
- electronic control system,
- compressed air supply system,
- resistive divider for measurements of chopped lightning impulses

/maximum voltage 500 kV, response time 15 ns/.

Fig . l . GU-бОО voltage surge generator.
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Fig.2. Pressurized 200-kV spark-gap.

The Marx-type generator is charged symmetrically. Each stage is
switched-on with the 2ГС& controlled pressurized spark-gap shown
in Fig.2. To chop the surges two identical spark-gaps are connected

in series. The static break-
down voltage of spark-gaps
is controlled from the con-
trol desk by charging the
required pressure in the
spark-gap chambers. This
technical approach enables
complicated mechanical con-
trol of the inter-electrode
distance of the spark-gaps,
as well as the cumbersome
noise connected with the
operation of the generator,
to be eliminated. The spark-
gaps are triggered by 65 кV
voltage pulse with the pulse
rise-time of about 5 ns.
These pulses can also be

employed for other investigations, e.g., for technical tests of dividers.

The multistage symmetrically charged generators are commonly used
for MV power supply systems in plasma experiments. Therefore the
GU-бОО generator has also been used for investigations of switching
processes [22] .

The investigations have been carried out with various stepnesses
of triggering voltage pulses ranging from 0.5 kV/ns to 17 kV/ns, and
with various schemes of the triggering circuit. The test results have
indicated that a small jitter in the operation can be achieved only in
the case of the simultaneous initiation of breakdown in each stage,
using the mixed series-parallel system. The pulse is then transmitted
in parallel to the first and the second stage, and then it is transmit-
ted in series - from the first stage to the third one.

Calculations and design of a new GU-2400 Voltage-Current Surge
Generator for lightning arrester testing have been completed. This
generator will provide surges of lightning and switching voltages as
well as current surges within the residual voltage range from 10 up
to 300 kV. The completion of GU-2400 generator has been started.

Modernization tasks have also been undertaken with the laboratory
equipment employed for the testing of lightning-arrester varistors.
The controlled pressurized spark-gaps instead of atmospheric pres-
sure spark-gaps have been adopted. In 1986, the completion of a
pressure system was successfully finished, and the spark-gaps were
manufactured.
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4.4-, Electronic Measuring and Control Systems
by M.Bielik

A model of optoelectronic system
has been elaborated and constructed.

Fig. 1.Electronic control system of the
GU-600 generator.

Fig.2. Optical receiver of the
OR-2 type.

for analog signal transmission
The model design comprises:

one transmitter, one op-
tical waveguide link with
transmitting and receiving
diodes, and one receiver.
The investigations of that
model have made possible
to determine the charac-
teristics of the prototy-
pe. An automatic control
system has been designed
and constructed for the
GTJ-600 surge generator.
It makes possible to con-
trol charging voltage,
spark-gap blowing-through,
generator switching,
surge chopping, and os-
cilloscope time-base trig-
gering with a time delay
up to 12 ̂ is. It can ensure
the generator start syn-
chronization with a cho-
sen supply voltage phase, as
well as the generator automa-
tic operation with a requ-
ired repetition rate. The
system is completed in
the CAM AC standards,
as shown in F ig . l . Con-
trol signals can be trans-
mitted by means of the
optoelectronic system,
provided that transmit-
ters are built into a de-
lay unit and receivers
/shown in Fig.2 ' are
located near devices
controlled.

Two kinds of con-
trol systems of simple
surge generators used
particularly in routine
tests have been designed
and tested.
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The IPO-l system, as shown in Fig.3, has been designed for control-
ling the operation of a generator of mean power below 1.5 kW.

Fig.3. IPO-l electronic control system.

This control system makes possible to control charging voltage, and
when a required value of that is reached it generates pulses: one for
the triggering of an oscilloscope and another for starting the genera-
tor. Besides, it controls the air-blow through switching-on spark-gaps.

The IPZ-1 system, shown in Fig.4, is designed for the control of
the the operation of two generators those are discharged through a
common load.

Fig.L. IPZ-1 electronic control system.

Several units of the two types described above have been manufac-
tured for the modernization of a high-tension testing industrial labora-
tory.
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