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Earlier performed experiments showed effectiveness of proposed approach for a high-current non-relativistic elec-
tron beam generation in a plasma-filled diode with a plasma anode and an explosive emission cathode. Our approach is
based on the application of an additional low-current electron beam. This beam is used for the plasma anode and the trans-
portation channel generation with predictable parameters of plasmas by the residual or prefilled gas ionization.. Measure-
ments of plasma channel parameters in a wide region of experimental conditions confirm that this approach possesses to
create radial profiled plasmas channels of desired plasmas density distribution for generation and transport of high-current

beams.
PACS: 29.27.-a

1. INTRODUCTION

Low-energy (10...40 keV) high-current (1...20 kA)
electron beams are of great interest of researches on ma-
terial treatment, in particular, surface modification. Ear-
lier studies on surface modification were concentrated
on the application of high-power ion beams. The situa-
tion was significantly changed with a successful devel-
opment of plasma-filled diodes with explosive cathodes
capable to generate high-current low-energy electron
beams of microsecond duration with energy densities up
to 10...40 J/cm? [1,2]. In the plasma pre-filled diode an
electron beam is generated in a thin double-layer be-
tween a cathode and anode plasmas. This near-cathode
layer is formed just after the beginning of an accelerat-
ing voltage pulse and the voltage applied is localized in
this layer making possible the beginning of the explo-
sive emission from a cathode surface. Typically a set of
arc-type plasma guns installed at an anode ring-shape
electrode is used as a plasma source to fill the diode re-
gion and a beam drift chamber [1-4,6]. The erosion
sources have a number disadvantages: parameters of
plasmas are not well reproducible, a powerful system
for high-current arcs ignition is needed, a plasma cloud
is non-uniform and fills a limited part of a drift cham-
ber, etc. One known solution of the problem is based on
the anode and drift chamber plasmas generation by a
pulse reflective (Penning) gas-discharge. It was devel-
oped and successfully tested by authors of [3,5]. We are
developing another new approach to solve the problems
mentioned. It is based on the using of an additional
pulsed low-energy (~300 eV), low-current (~1 A) elec-
tron beam guided by a 200...300 G magnetic field to
create a well defined plasma channel inside a drift
chamber and in a diode region by a residual or pre-filled
gas ionization. The main advantages of this method are
the high reproducibility and the flexibility of an opera-
tive control of plasma parameters. The other one is the
generation of a well-limited in radial direction plasma
column with a well-defined position.
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2. EXPERIMENTAL SETUP

A test stand was designed and constructed for initial
experimental studies of performances of a new plasma-
filled diode and effects of the beam propagation. A sim-
plified diagram of the experimental setup is shown in

Fig.1.
s

J b

Fig.1: Schematic diagram of the experimental setup: 1
— input isolator of high-current diode; 2 — cathode
stem; 3 — cathode of high-current diode; 4 — thermo-

cathode of low-current beam; 5 — vacuum chamber with
solenoid

The high accelerating voltage from IK50-3 capaci-
tor bank (50 kV, 3 pF) charged to 10...40 kV is applied
to the diode via coaxial transmission cables, connected
to a cathode electrode supported by a high-voltage insu-
lator. At the other end of this electrode a flat graphite
cathode is installed. A ring-shape anode -electrode
(grounded diaphragm) of 30-mm aperture is placed 1 -
4-cm downstream from the cathode (not shown in
Fig.1). A plasma channel is formed by low-energy elec-
tron beam generated by a simple greed-less electron gun
(e-gun) with filament-type thermocathode located be-
tween two sections of the drift chamber. A symmetrical-
ly propagating in a guiding magnetic field 2-way elec-
tron beam is produced using a pulse (250...350) V, neg-
ative biasing of the hot tungsten wire with respect of the
grounded chamber. The biasing voltage pulse (5...10 i
s) is applied prior to turning on the pulsed power system
of the main diode. The wire heating current is AC and is
provided by a simple split transformer. A pulse powered
(rise time is about 5 ms) one-layer solenoid with addi-
tional compensating coils near the e-gun flanges is used
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to produce the uniform guide field, typically of 200...
300 G.

The form of the thermocathode is shown in Fig.2.
Fig.3 shows calculated magnetic field distribution along
axis of the system (above) and the area occupied by
electrons of low-current beam (below).

A beam collector is moveable and may be replaced
by set of Langmuir probes to measure the plasma col-
umn parameters. Two resistive shunts and two Rogov-
sky coils are used for the beam current measurements at
different positions — at high-voltage insulator upstream
of the diode, at the low-voltage e-gun flange and at the
end of the chamber. An outer resistive divider, connect-
ed to the high-voltage collector located in oil, measures
the diode voltage.

Fig.2. Schematic diagram of the thermocathode with
zigzag W-filament in chamber cross-section
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Fig.3. Magnetic field distribution and envelope of low-
current electron beam

3. EXPERIMENTAL RESULTS AND
METHODOLOGY

At the first stage of the experiments parameters of
the plasma column generated by the low-voltage beam
were measured in a wide range of the experimental con-
ditions (residual gas pressure, biasing voltage, tungsten
thermocathode geometry, etc.) to find out the optimal
regimes for all components.

Plasma channel dynamics was observed using by ex-
perimental measured dynamics of the impedance of
low-current thermocathode gun during the pulse of ac-
celerating voltage. The changing of the impedance un-
der condition of constant biasing voltage shows the
changing of effective cathode-anode gap and gives the
information about dynamics gas ionization for different
pressure. The measurements performed in wide area of
parameters show that the beam current changed during
the pulse.

The typical pulses of the thermocathode biasing
voltage U, emitted e-beam current I. and e-beam mea-
sured by the end located collector 1. for the pressure of
residual gas of 5-10” Torr are presented in Fig.4. As can
see, the emitted by thermionic cathode current L. is ris-

emitter .plasma channel
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ing by many times during the 10 ps constant biasing
voltage pulse. At initial time it is closed to calculated
value under condition spherical form of anode equipo-
tential curves with radius equals radius of the chamber
and did not exceed several mA. The beam current
growth during the pulse up to the saturated current of
thermoemission could be varied from 100 to 1000 mA.
The propagated ebeam current measured by the collector
L. is rising almost proportional to the emitted current L.
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Fig.4. The typical pulses of biasing voltage U, emitted
current 1. collector current I. for the pressure of residu-
al gas of 5x107° Torr

The form of rising parts of the current pulses is
close to exponential one with constant depending on the
pressure of the residual (filling) gas. Fig.5 shows the
collector current waveforms for several values of the
gas pressure: 1 for p=4-10° Torr, 2 - p=10*, 3 - 2-10*
and 4 - for p=5-10"* Torr.

300

250

200

150 4

I, mA

100 4
50 4

04 1

t, ms
Fig.5. Collector current waveforms for different values
of the gas pressure (see the text above)

Measured value of saturated current was used for
estimation of effective cathode-anode gap between the
cathode and plasma channel. These data correspond to
the plasma channels exited by the e-gun with 7-segment
zigzag-like tungsten wire of 0.2-mm diameter with full
length 20 cm. The internal diameter of supporting di-



aphragm shown in Fig.2 equals 20 mm. Under these
conditions the saturated thermoemission current equals
approximately 0.6...1 A.

The channel plasma density was measured using
Langmuir probes with 0.5-cm and 1-cm long and 0,5-
mm and 1-mm diameter tungsten wire. During the mea-
surements the probe wires were oriented parallel or nor-
mal to the applied magnetic field. Measurements were
done at two positions of the probes — near the diode re-
gion and 10-cm upstream from the end of the drift
chamber. The same data obtained for both sets of probes
showed that the plasma column has approximately the
same parameters from both sides of e-gun. The peak ion
densities derived from the ion saturation current were
about 10"'...10"? cm™ for a probe bias of — 200 V and
the pressure of a residual gas of 0,1...1 mTorr. These
data correspond to the plasma channels exited by the e-
gun with a zigzag-like tungsten filament biased to —
300 V with respect to the grounded wall of the vacuum
chamber and for the total emission current (measured in
the filament biasing circuit) approximately 1A. For giv-
en experimental conditions the data of the measure-
ments were well reproducible — the variations from
pulse to pulse were well less than uncertainties of mea-
surements.

The shape of the density profile of the plasma chan-
nel depends on the geometry of the e-gun tungsten wire
and may be adjusted to the desired one by the shaping
of the thermocathode wire. During the experiments the
plasma column profile was measured for different
shapes of tungsten wires. For the first high-current beam
generation experiments it has been chosen a zigzag-like

flat thermocathode with a working area of about 3-cm in
diameter consisting of 7 zigzags of 0,3 or 0,5-mm diam-
eter tungsten wire. As is seen from the data obtained it
created the plasma channel with a “flat top” and rather
sharp edges of a density profile. The optimal shape of
the wire will be found using the experimental data on
the high-current e-beam profile measurements.

Firings of the high-current diode were done at a
20 kV diode voltage. For an optimal time-delay between
e-gun biasing voltage pulse and the beginning of the
high-voltage pulse a peak current of 0.6 up to approxi-
mately 5 kA with duration from 0.2 pys up to 0.8 ps of
the electron beam downstream of e-gun was recorded.
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YHOPABJIEHUE TPAHCHOPTUPOBKOM C3I IYTEM ®OPMHUPOBAHUS TPO®UIUPOBAHHOI'O
IINTASMEHHOI'O KAHAJIA

A.B. Azaghonos, B.A. bozauenxos, E.I'. Kpacmenes

IIpoBeneHHbIC paHEe SKCICPUMEHTHI 110 T'CHEPAIlMH IUIA3MEHHBIX KaHAJI0B ¢ KOHTPOJIUPYEMBIM Mpoduaem
IJIOTHOCTH IO PAAUyCy Il T€HEpaluy HHU3KOIHEPI€TUYHOIO CHIIBHOTOYHOIO 3JIEKTPOHHOIO IydYKa B IUIa3MOHA-
TTOTHEHHOM JHOJIC ¢ MPOTSHKCHHBIM IUTa3MEHHBIM aHOIIOM TMoKa3aiu d()()EeKTUBHOCTE MPeII0KEeHHOro moaxona. B
JIAHHOM cHcTeMe J1Jisl TeHepaliy IIa3MEHHOT0 aHO/ia M KaHalla TPAHCIIOPTUPOBKH C 33JJaHHBIMU MapaMeTpaMu B pe-
3yJbTaTe HOHU3ALUN OCTATOYHOIO WM CIELMAIbHO HAMYIIEHHOTO B CUCTEMY ra3a HCIIOJIb30BaH BCIIOMOTaTENbHBIN
CJTa00TOYHBIN MyYOK JIEKTPOHOB. M3MepeHus mapaMeTpOB MIa3MEHHOIO KaHajla B IIMPOKOM JHANa30He dKCICPH-
MEHTAJIbHBIX YCIOBUN MOKA3bIBAIOT, YTO TAaKOH METO]| MO3BOJISET CO37aBaTh paJUalbHO OTPaHUYEHHBbIC KaHAJBI C
HEOOXOIUMOH /TSI TOJTyYEHHSI CHIIBHOTOYHBIX ITyYKOB TNIOTHOCTBIO C PA3IMIHBIM PACIIpeIeIeHHEM €€ 110 CEYCHUIO.

KEPYBAHHSA TPAHCIIOPTYBAHHSAM C3II HIJIAXOM ®OPMYBAHHSA MTPO®PIIIBOBAHOI'O
IVIASMEHHOI'O KAHAJTY

A.B. Azagponos, B.A. bozauenkos, €.I'. Kpacmenvos

[IpoBexeHi paHimie eKCIEPUMEHTH 0 TeHepallii IIa3MOBHX KaHAIIIB 3 KOHTPOJIBOBAHUM MPO(dieM T'yCTHHH 110
pazaiyci as reHepallii HU3bKOCHEPreTHYHOTO MOTYKHOCTPYMOBOTO €JICKTPOHHOTO My4YKa B IIa3MO3allOBHCHHOMY
JUOJI 3 TIPOTSHKHUM TUIA3MOBHM aHOJIOM TOKa3alH ¢(EKTHBHICTh 3allPOIIOHOBAHOTO MiAXOAY. Y JaHild CUCTeMi JIs
reHepamii ITa3MOBOTO aHOAAa 1 KaHATy TPAaHCIOPTYBaHHA 3 3aJaHMMH IapaMeTpaMd B pe3yJbTaTi ioHi3arii
3aJIMIIKOBOTO 200 CrelialibHO HAMYIIEHOTO B CUCTEMY ra3y BUKOPHUCTAHHMH JONOMIKHHUN CITaOKOCTPYMOBHI Iy4OK
eJIeKTPOHIB. BuMiproBaHHs mapaMeTpiB IDIa3MOBOTO KaHAly B IMHPOKOMY Miara3oHi eKCIePHIMEHTAIbHUX YMOB
MMOKa3yI0Th, IO TaKWH METOJ IO3BOJIIE CTBOPIOBATH paliallbHO OOMEXKEHI KaHalM 3 HEeOOXiTHOI TYCTHHOIO It
OJIep)KaHHS MOTY>KHOCTPYMOBHUX ITYYKiB 3 PI3HUM PO3IOJIIOM T'YCTHHH IO TIEpepizy MydKa.
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