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The presented work shows a progress in development of the cesiated negative hydrogen ion source with
combined discharge. The dependence of H™ ion beam current on power introduced into the discharge is shown to
have a saturation, which enables optimization of the power value. As well, nonlinear behavior is exhibited by the
dependence of the beam current on anode hole size. One more essential parameter is the accompanying working gas
flow from the source anode to the chamber. Further optimization of extracting system design and method of working
gas supply can provide additional improvement of operation characteristics of the source.

PACS: 29.25.Ni, 41.75.Cn, 41.85.Ar

INTRODUCTION

Investigation of the negative ion sources have a long
story [1, 2]. For different applications there are different
requirements for particle source, so that wide range of
the devices exists. In negative hydrogen ion sources
different mechanisms of ion formation [2-5] are used.
We proposed in [6] and reported in [7,8] the
peculiarities of negative particle cesiated source of our
design. Now we describe the last results in advances of
the source.

As we reported earlier, the source enables formation
of the stream of negatively charged particles with high
brightness in energy range up to several tens kilovolt
and axially-symmetric beam profile. However, the beam
divergence angle remained very wide, which resulted in
significant loss of the beam current at the walls of
transport section. The research task consisted in
optimization of ion-optical extracting system of the
source aimed to formation of the beam with limited
spread, and in comparison of characteristics of extracted
negative charged particles beam at different power
introduced into the discharge.

1. EXPERIMENTAL SETUP

The experimental setup was described in detail in [6-
8]. The setup includes particle beam source and
diagnostic tools. The residual pressure is 3x10™ Torr.
The negative charged particles source has the composite
anode electrode 1 mm longer than before. Fig. 1 shows
ion optics system of the source. The anode assembly 1
has replaceable insert with anode hole. Now we make
emission hole with 3.5 mm diameter. It is 0.5 mm less
than extractor diameter in [8]. The discharge in the
source was ignited in pulse-periodical regime. For that
purpose, voltages from respective pulsed power supply
units were applied with 1...3 Hz repetition rate to
hydrogen supply valve and electrodes of the source.
During the discharge glow, cesium was emerged from
cesium dichromate tablets located inside the source.
Cesium was deposited onto the anode and promoted
creation of hydrogen negative ions in vicinity of
emission slit. For extraction and acceleration of
hydrogen negative ions, up to 10 kV voltage was
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applied between the source anode and extracting
electrode with 4 mm aperture diameter located at 2 mm
distance from the anode. The beam was detected by
means of collectors, which were modernized, as
compared to those used in [7,8]. Signals from the
collectors were supplied to oscilloscope input, which
registered current values of negatively charged particles.
As well as in previous researches, two different schemes
of the beam detection were used. In the first one the
beam current was detected at 50 cm distance from the
source by means of collector having 10 cm diameter [6].
At that, portion of the beam propagating inside a cone
with about 12° angle was detected. In the second
scheme multi-collector electrode [7,8] with added
system of two parallel slits was used, which promoted
improved separation of hydrogen negative ion beam
with the use of transverse magnetic field.
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Fig. 1. Scheme of the ion optics system of the source:
1 —composite anode; 2 —insulator; 3 — composite
cathode
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Combined modernized collector for measurements of
angular distribution of the beam current, as well as total
one, is shown in Fig. 2. It differs from previously used
one by presence of additional electrode 9. The electrode
is composed of two parallel plates separated by 3 cm
spacing. Two slits are cut out in them, each having 1 cm
width, which enable separation of long stripe from the
beam of charged particles. With magnetic field being
turned on and varied, such arrangement provides better
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separation of electron stream from negative ion flow. At
that, flows of the particles come to surfaces of the
collectors 1-5 limited by the slits of additional electrode.
By values of these currents and known areas of the
surfaces, current density values onto each collector are
determined, and total current onto each collector is
calculated, as well as total current into the whole beam
propagation angle embraced by the collector.

Fig. 2. Scheme of hydrogen negative ion beam current
measurement at 8 cm distance from the source aperture:
1-5) collectors for measurements of the beam current
components; 6) hydrogen negative ion beam;

7) extracting electrode of the source; 8) anode of the
source; 9) additional electrode with two parallel slits

2. EXPERIMENTAL RESULTS

It should be noted that shape change of the anode
electrode in the source resulted in certain decrease of
total output current of negatively charged particles, as
well as hydrogen negative ion one. However,
improvement of electric breakdown strength of
extracting gap became an undoubted advantage of this
upgrade. As a result, the source quickly comes to
operation regime without time loss to training for
establishing work regime of the current extraction.
Kinetics of the discharge parameters, as well as those of
extracted current onto central electrode in the
measurement scheme presented in Fig. 2 were studied
by means of oscilloscope. Resulted oscillograms are
presented below in Fig. 3. Oscillograms of the beam
current are obtained both at zero magnetic field when
the beam was composed of electrons and negative ions,
and at transverse magnetic field of 35 Gs strength when
resulted current onto the collector was due to hydrogen
negative ions. Although the oscillograms do not show
essential noise component, one can see that the traces
have finite thickness. On a basis of obtained results, one
can estimate the noise component of the discharge
voltage is about 20 V. It should definitely lead to spread
of the energy value in the beam. Additional contribution
to the beam non-monochromaticity can be provided by
existence of different ways of negative ion formation.
Among those ways, the principal ones produce ions
formed in recharging processes at the cathode surface,
ions formed in the plasma volume, and ions formed at
the anode surface. Current of the first group of ions is
probably small enough since these ions quickly
recombine at their propagation through the dense
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plasma layers. By estimations, free run path in such
plasma does not exceed a couple of one tens fractions of
millimeter.
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Fig. 3. Oscillograms of the discharge parameters of the
source of negatively charged particles (a-c), and
current values onto central electrode of modernized
collector at turned off (d-f), and on (g-i) transverse
magnetic field. (a-c) the top trace represents the
discharge voltage, 50 V/div (a), 100 V/div (b,c); (a-c)
the bottom trace represents the discharge current, a)
50 A/div (a), 100 A/div (b,c); (d-f) current onto the first
collector at zero magnetic field, 100 mA/div; (g-i)
current onto the first collector at magnetic field strength

35 Gs, 10 mA/div. The discharge voltage is 100 V
(a,d,9), 120 V (b,e,h), and 150 V (c,f,i)

The most concentrated portion of ions of the second
group is located in the near-anode region in the plasma
with potential close to the anode one. With a presence
of ion formation at the surface, contribution of this
group to total negative ion beam current is small [5].
The most essential contribution is given by a group of
negative ions formed by recharging of positive ions at
the anode surface. Particularly, authors of [3] came to
conclusion that resulted outcome of hydrogen negative
ions due to recharging process reaches 80 %. lons of the
second and the third groups should compose basic
portion of negative ion beam at output aperture of the
source. Following from said above, one can expect that
the main spread of the energy value will be close to
20 eV.

The next Fig. 4 exhibits dependencies of current
density and the total current values onto the collector
lamella shown in Fig. 2 obtained at the measurements
with magnetic field strength variations after the
calculations taking into account lamella area values. The
measurements were performed at 30 A discharge
current and 100V discharge voltage (3 kW pulsed
power). One can see from the results that at zero
magnetic field strength maximum electron current is
observed at central electrode. Increase of transverse
field up to about 30 Gs results in plateau appearance at
the plots. We suppose that it corresponds to practically
total deflection of electron streams and proceeding to
the measurement of negative ion current value. Already
at 20 Gs field strength, Larmour radius of electron
possessing 10 keV energy is 17 cm, which will deflect
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the stream at 8cm distance for more than one
centimeter that should be sufficient for almost complete
cut off under experimental conditions given in Fig. 4. It
is in a good agreement with the experimental results.
Curiously, the current density to the nearest periphery
electrode is even slightly higher than that onto the
central one.

Considering the total current onto each electrode,
one of the highest values of about 80 mA comes to the
first periphery electrode. Current of just 20 mA comes
to the central electrode (14°propagation angle). Also one
can see that the current with sum value of just about
50 mA comes to all other periphery electrodes. That is,
major portion of negative ion current propagates inside
relatively small angle. As one can see from the plots in
Fig. 4,b, with this particular power introduced into the
discharge the overall negative ion current is about
150 mA.
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Fig. 4. Dependence of current density onto collectors on
magnetic field strength. The discharge current is
30 A (a); Plot of averaged total current onto lamella
obtained by multiplying the current density by each
lamella area (b)

One can see at the plot that plateau section occupies
relatively small range of magnetic field strength. The
last may be due to appearance of negative space charge
in the beam transport section with sequential locking of
increasing number of electrons thus preventing their
quick escaping onto the walls. As well, it may be due to
penetration of already strong enough magnetic field to a
section of the beam extraction from the source. The last
effect will change the extraction conditions, which
should obligatory influence the extracted current value.
All said above gives evidence to necessity of
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replacement of the beam component analysis system for
excluding the analyzer influence on the source.

The next Fig. 5 shows dependencies of the current of
extracted hydrogen negative ions at extracting voltage
of 10 kV to central electrode of combined collector
(14%propagation angle) and to the electrode of remote
collector (12°propagation angle) on power introduced
into the source discharge.

As one can see, at increase of the discharge power,
negative ion beam current tends to saturation that is
probably due to an increase of the plasma concentration
at the source periphery, which in turn leads to increase
of a rate of negative ion decomposition in processes of
collisions with the plasma particles. The dependencies
of current values onto near and remote collectors exhibit
similar behavior. However, one can note that the current
to remote collector is essentially lower than that to near
one, although propagation angles at that are of about the
same Values. Possible reason of such behavior is due to
decomposition of negative ion particles in collisions
with neutral particles of accompanying gas in the beam
transport section.
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Fig. 5 Dependencies of total negative ion current with
14° propagation angle at 8 cm distance from the source
aperture (a) and hydrogen negative ion current with 12°
propagation angle at 50 cm distance from the source (b)

on power introduced into the discharge

Peculiarity of negative ion beam formation in the
source with emission slit having 3.5 mm diameter, as
compared to one with the slit having 4 mm diameter is
exhibited in Fig. 6. One can see that in the source with
3.5 mm emission aperture negative ion beam is formed
mainly into essentially smaller angle. At that, radial
distribution is uniform. It implies essential advantage of
this version of the source at its combined operation with
focusing device. As one can see from the figure, current
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density of electron beam has maximum value in the
center and rapidly decreases towards the periphery.

Fig. 7 presents dependence of negative ion beam
current onto remote collector from emission slit aperture
diameter. One can see that the emission slit surface
increase results in the growth of negative ion current
from the source. At the same time, increase of emission
slit surface leads to significant deterioration of electric
strength of the source extracting gap. The source having
3.5mm emission aperture diameter seems to be a
reasonable compromise.
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Fig. 6. Distributions of negative hydrogen ion beam
current density over the rings of combined collector for
different magnetic field strength and emission slit
aperture 4 mm (a) and 3.5 mm (b). Pulsed discharge
power is 15 kW

N
a1
I

N
o
!

=
(6]
|

=
o
!

/

Negative ion current (mA)
6]

o

5 10 15
Slit surface (mm?)
Fig. 7. Dependence of current onto remote collector from
the source with anode holes of 2, 3.5, and 4 mm diameter
on output slit surface. Pulsed discharge power is 15 kW
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CONCLUSIONS

Thus, improvement of ion-optical system of the
source requires, as a part, finding a compromise
between retaining sufficient electric strength of the gap
between the system and extracting electrodes, and
reaching maximum possible value of extracted beam
current. In case of our source and extracting voltage of
an order of 10 kV such compromise may be provided by
a hole having 3.5 mm diameter. The researches have
also shown existence of saturation in dependence of the
current of extracted negative ions on power introduced
into the discharge. One of the ways of the design
improvement can be solving the problem of negative ion
loss at accompanying working gas flow. At the use of
proposed source only as one of hydrogen negative ions,
considerable increase of magnetic field for deflecting
electrons may also result in deterioration of the
conditions for H ion beam extraction. The optimum
magnetic field strength may be one of 20...40 Gs value.
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IMPOT'PECC B PASBPABOTKE HCTOYHUKA OTPULHATEJIbBHBIX NOHOB BOJJOPOJA
C KOMBUHUPOBAHHBIM PA3PAIOM

A. Hooposonvckuii, B. I'opeykuii, B. bayicenos

[Tokazan nporpecc B pa3paboTKe HCTOYHUKA OTPUIATEIHHBIX HOHOB BOJIOPO/a ¢ KOMOWHUPOBAHHBIM Pa3psiioM
u nesueM. IIpogeMOHCTpUpoBaHAa 3aBUCHUMOCTb TOKAa OTPHLATENBHO 3apsDKEHHBIX YacTUI[ OT MOIIHOCTH,
BKJIaJBIBAEMON B Paspsl, W pa3Mepa aHOJHOTO OTBEPCTHA. 3aBHCHMOCTH TOKa ITydKa OT BKJIAABIBAEMON B pa3psan
MOIITHOCTH MMEET HACHIIIEHHE, YTO ITO3BOJIAET ONTUMH3HMPOBATh 3TOT MapameTp. Tarke HENMHEHHBIN Xapakrep
MMEeT 3aBHCHMOCTB OT pa3Mepa aHOJHOTO OTBepcTHsA. EmE OmHUM CyIIECTBEHHBIM (DPaKTOPOM BBICTYNACT
COIYTCTBYIOIIAsA CTPys pabodero rasa, BBIXOJSMIAas Yepe3 aHOA MCTOYHHMKA B Kamepy. JlanpHeimas onTuMu3anms
KOHCTPYKIMHM W3BIEKAIOMIEH CHCTEMBI W METOJa IOJadd pabodyero ra3a MOXKET IONOJHHUTENBHO MOBBICHTH
9KCIUTyaTalIOHHbIE XapaKTEPHCTHUKH HCTOYHHKA.

IHOJAJIBIIIA PO3POBKA JI?KEPEJIA BIZI’€EMHO 3APAJI’KEHUX IOHIB BOJJHIO
3 KOMBIHOBAHHUM PO3PA10M

A. [looposonvcokuii, B. I'opeuvkuit, B. Baxcenos

ITokazaHo mporpec y po3poOIi kepena BiI €MHO 3apsKEHUX i0HIB BOJHIO 3 KOMOIHOBaHHM pPO3PSIIOM Ta
nesieM. [IpoeMOHCTpOBaHa HAsBHICTh 3aJ€KHOCTI CTPYMY BiJ’€MHO 3aps/DKCHHX YaCTHHOK BiJl IOTYXKHOCTI, IO
BKJIQJIA€THCS B PO3PSL, T PO3MIPY aHOJHOTO OTBOPY. 3aJ€XKHICTh CTPyMY ITyYKa BiJ MOTYKHOCTI, IO BKJIAJAETHCS
IO pO3psily, Mae HAaCHYCHHs, L0 JO3BOJSE ONTUMI3yBaTH el mapameTp. Takok HeNiHIHHME XapakTep Mae
3aJISKHICTD BiJl po3Mipy aHOTHOTO OTBOpPY. llle omHUM cyTTeBUM (pakTOpOM BUCTYIA€E CYIMyTHIH CTPYMiHB pOOOYOTO
rasy, 10 BUXOAUTH KPi3b aHOA JpKepena 10 Kamepu. [lonanpiia ontuMizaniss KOHCTPYKii GOpMY0Y0i CHCTEMH Ta
METOy MOCTa4aHHsI pOOOYOT0 ra3y MOXKe JOJATKOBO MIJBUINUTH €KCIUTyaTalliiHI XapaKTePUCTHKH HKepea.
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