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Results of experimental investigations of low-energy high-current electron beam generation in a plasma-filled
diode with a long plasma anode and an explosive emission cathode are given. An additional low-current electron
beam was used to form the long plasma anode by means of the residual or prefilled gas ionization. The long anode is
used simultaneously as the transportation channel with predictable parameters of plasmas. Low-current additional
beam is emitted from the thermionic cathode, which can have different geometric form. The solution developed
provides to create radial profiled plasmas channels of desired plasmas density distribution with a high
reproducibility. Work supported by RFBR under grant 05-02-16442.
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INTRODUCTION

Low-energy (of tens keV) high-current (of tens kA)
electron beams are applied for surface modification. For
these purposes plasma-filled diodes with explosive cath-
odes capable to generate high-current low-energy elec-
tron beams of microsecond duration with energy densi-
ties up to 10...40 J/em® were developed [1-12]. In a
plasma pre-filled diode an electron beam is generated in
a thin double-layer between a cathode and anode plas-
mas. This near-cathode layer is formed just after the be-
ginning of an accelerating voltage pulse and the voltage
applied is localized in this layer making possible the be-
ginning of the explosive emission from a cathode sur-
face.

To create a well defined plasma channel we use a
residual gas ionization by additional pulsed low-energy
(~300 eV), low-current (~(1...3) A) electron beam guid-
ed by a (200...300) G magnetic field. The main advan-
tages of this method are the high reproducibility and the
flexibility of an operative control of the plasma.

EXPERIMENTAL SETUP

A simplified diagram of the experimental setup is
shown in Fig.1.

8 to vacuum pump

Fig.1. Scheme of the setup: 1 — HV input cables;
2 - isolator, 3 — cathode of high-current diode; 4 - ther-
mocathode of low-current beam; 5 — plasma channel; 6
— collector; 7 — vacuum chamber

The high accelerating voltage from IK50-3 capaci-
tor bank (50 kV, 3 YF) 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-
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lator. At the other end of this electrode a flat graphite
cathode is installed. A plasma channel is formed by a
low-energy electron beam generated by a simple greed-
less electron gun (e-gun) with filament-type thermocath-
ode located between two sections of the drift chamber.
A symmetrically propagating in a guiding magnetic
field 2-way electron beam is produced using a pulse
(250...350) V, negative biasing of the hot tungsten wire
with respect to the grounded chamber. The biasing volt-
age pulse of 5...10 ps is applied prior to turning on the
pulsed power system of the main diode. A pulse pow-
ered (rise time is about 5 ms) one-layer solenoid is used
to produce the uniform guide field, typically of 200...
300 G.

Under 20 kV diode voltage the peak currents of
0.6 up to several kA with duration from 0.2 s up to
0.8 ps of the electron beam downstream of e-gun was
recorded in preliminary experiments [11,12].

GENERATION OF HIGH-CURRENT BEAMS
IN THE DIODE WITH PLASMA ANODE

Plasma channel dynamics was observed using by
experimental 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 a wide area
of parameters show that the beam current has changed
during the pulse.

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 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 or 0.5 mm diameter
tungsten wire. As it was seen from data obtained it cre-
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ated the plasma channel with a “flat top” and rather
sharp edges density profile.

Measurements were performed under the next condi-
tions. Plasma anode was created by 3-A (in both sides)
300 V auxiliary electron beam of 7 ps duration in the
external magnetic field of 300 G. Capacitor bank was
charged to the same voltage of 22 kV, the pressure of
residual gas was about (1...2)x10~ Torr.

Fig.2 shows forms of the voltage and current pulses
of auxiliary gun with and without the cathode heating.
The division is 1 ps.

Fig.2. Voltages and currents pulses of the auxiliary
gun: 1 - total (6 A) emission current; 2 — current mea-
sured by the collector (3 A); 3 - voltage with 2x3 A
emission currents; 4 - voltage without emission of a
current (250 V)

The peak voltage on the gun with emission is 250 V
and rapidly decreases to about 80 V in saturated regime
due to internal resistance of the supply and resistance of
created plasma.

Fig.3 illustrates form of the pulses under condition
of turned off auxiliary gun. The division is 1 Us.

Fig.3. Accelerating voltage (curve 1) of 3.2 Us duration
with amplitude 22 kV, 1.8 Us time delayed collector cur-
rent with amplitude 90 A (curve 3) and signal of az-
imuths magnetic field (curve 2). Current measured Ro-
gowsky coil (curve 4)

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. High-voltage pulse started just after
the finishing of the pulse voltage of auxiliary gun. Az-
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imuthal magnetic field of the high-current beam was
measured additionally by screened solenoid coil placed
inside the vacuum chamber near the collector.

Fig.4 describes low-impedance plasma system on
the whole beginning since firing of high-voltage pulsed
supply. The division is 200 ns.
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Fig.4. Accelerating voltage (curve 1) with amplitude
22 kV, beam current measured by the collector with am-
plitude 11.5 kA (curve 2), integrated signal of the az-
imuths magnetic field sender (curve 4), total current
measured Rogowsky coil (curve 3) at the input of high-
current diode

Maximum amplitude of high-current beam mea-
sured by the collector reaches 11.5 kA under the voltage
as higher as 18 kV. An integrated signal of the azimuths
magnetic field sender is observed simultaneously with a
collector signal. The total duration of the current pulse
is 1.6 ps and full duration at half maximum is about
400 ns. The time delay of the collector current relative
the beginning of the accelerating voltage reaches 80 ns
and corresponds to 16...18 kV level of the accelerating
voltage. It confirms the existence of a narrow accelerat-
ing gap near the cathode surface and the absence of
impedance collapse due to the presence of rather dense
plasma column. Maximum of current registered by Ro-
gowsky coil corresponds to the minimum of accelerat-
ing voltage on the diode and equals to about 8 kA.

CONCLUSION

These experiments have shown the possibility of
generation of high-current electron beams in low-
impedance plasma system even at accelerating voltage
as low as 20 kV. Peak current of 11.5 kA with duration
about 0.4 ps was recorded. The result ought to consider
as preliminary and it must be confirmed additionally by
independent measurements and analyses. First of all it is
necessary to observe bremsstrahlung signals simultane-
ously with beam current on collector to compare the du-
ration of both. Moreover, an energy spectrum and trans-
verse distribution of beam current are of importance
from the point of view of different applications.

To increase energy density of the beam up to neces-
sary values needed for surface modifications the accel-
erating voltage has to be increased up to 50...70 kV and
the duration of beam current has to be increased to 1 [s.
This task demands designing and construction a new ex-
perimental setup. Some more problems of generation of
curved plasma channel and generation of high-current
electron beam in a diode with curved anode must be tak-
ing into account in it.
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TEHEPAIIMSI CHJIBHOTOYHOTI'O HU3KOHEPTETHUYECKOI'O JIEKTPOHHOTI'O ITYUYKA
B INIASMEHHOM CUCTEME

A.B. Acagponos, B.A. bozauenxos, E.I'. Kpacmeneg

ITpuBeneHs! pe3yabTaThl SKCIEPHUMEHTOB 0 TeHEPAIli HU3KOIHEPIreTHIECKOT0 CHIIBHOTOYHOTO AJIEKTPOHHOTO
IMy4yka B IUIa3MOHAIOJIHEHHOM [HOJAE C MPOTSHKCHHBIM IUIa3MEHHBIM aHOAOM. [l CO3JaHusl IMPOTSHKEHHOTO
IUTa3MEHHOTO aHOJa, OJHOBPEMECHHO IIPEJCTABIAIONIEr0 CO00M W KaHalm Al TPaHCHOPTHUPOBKH ITydKa,
HCIIOJIb3YETCsI MOHM3ALMs HAITyIIEHHOTO B CHCTEMY Ta3a BCIIOMOTATEJIbHBIM CJIA00TOYHBIM ITYYKOM 3JICKTPOHOB.
Jnis reHepanuu CUIBHOTOYHOTO IydKa MCIOJIB3YHOTCS pa3lW4HbBIE «B3PBIBOIMUCCHOHHBIEY» KaToAbl. Co3maHue
IUIa3Mbl  BCIIOMOTATENIBHBIM  AJIEKTPOHHBIM IIYYKOM, SMHTTUPYEMBIM C TepMoKaTtoja (HEprust B COTHHU
9JIEKTPOHBOJLT MPU TOKE B €AMHHIBI amrep), (opMa KOTOPOro MOXKET BapbHPOBATHCS, IMO3BOJISIET (POPMUPOBATH
IUIA3MEHHBIE KaHANbI C PA3IMYHBIM MTONIEPEYHBIM IPO(UIIEM C BBICOKOH BOCIIPOM3BOIUMOCTHIO. PaboTa BhIOIHEHA
npu nogaepxxke PODU no rpanty 05-02-16442.

TEHEPAIISI NOTY KHOCTPYMOBOI'O HU3BbKOEHEPTETHYHOI'O EJIEKTPOHHOI'O ITYYKA
B IJIA3MOBI CUCTEMI

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

HaBenieHo pe3ysbTaTu €KCIIEPUMEHTIB MO TeHepallii HU3bKOSHEPTeTHYHOTO MOTYKHOCTPYMOBOT'O €IIEKTPOHHOTO
MyYKa B IUIa3MO3aIIOBHEHOMY IiOJi i3 NPOTSDKHUM IUIa3MOBUM aHOIOM. [t CTBOPEHHS NPOTSKHOTO IIa3MOBOTO
aHoJa, 110 OJHOYACHO € KaHAJIOM JUIs TPaHCIIOPTYBAHHS ITyYKa, BUKOPUCTAETHCS 10HI3aIlis HAIYIIEHOTO B CUCTEMY
rasy JONOMDKHHM CIIaOKOCTPYMOBHM IIyYKOM e€JEeKTpoHiB. [lnsi TeHepamii HOTY)XKHOCTPYMOBOTO ITydyKa
BHUKOPHCTAIOTECS pi3HI "BHOyxoeMmiciiHi" kartogu. CTBOpPEHHS IUIa3MH JOTIOMDXHHAM €JIEKTPOHHHM ITyYKOM, IO
eMITY€eThCSI 3 TEPMOKATOAA (€HEPTisi B COTHI €JIEKTPOHBOJIBT IPH CTPYMi B OAMHHUIII aMIiepiB), popmMa SKOro Moxe
BapilOBaTHCs, J03BOJIsIE (OPMYBAaTH IUIA3MOBI KaHaiM 3 PI3HUM TIONEPEYHUM Tpo(dineM 3 BHCOKOIO
BiITBOpPIOBaHicTIO. Po6oTa BuKkoHaHa 3a miaTpuMkoio POD/] o rpanty 05-02-16442.
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