N

N

Progress report of investigations on gyrotron ECR ion
source SMIS 37
S.V. Golubev, D.A. Mansfeld, S.V. Razin, V.A. Skalyga, A.V. Vodopyanov,
V.G. Zorin, R. Geller, T. Lamy, P. Sortais, T. Thuillier

» To cite this version:

S.V. Golubev, D.A. Mansfeld, S.V. Razin, V.A. Skalyga, A.V. Vodopyanov, et al.. Progress report
of investigations on gyrotron ECR ion source SMIS 37. 15th International Workshop on ECR Ion
Sources, ECRIS’02, Jun 2002, Jyvaskyla, Finland. in2p3-00020457

HAL Id: in2p3-00020457
https://in2p3.hal.science/in2p3-00020457v1
Submitted on 27 Mar 2006

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://in2p3.hal.science/in2p3-00020457v1
https://hal.archives-ouvertes.fr

PROGRESS REPORT OF INVESTIGATIONSON GYROTRON ECR ION
SOURCE SMIS 37

S. Golubev, D. Mansfeld, S. Razin, V. Skalyga, A. Vodopyanov*, V. Zorin, Institute of Applied
Physics, RAS, Nizhniy Novgorod, Russia

R. Geller, T. Lamy, P. Sortais, T. Thuillier, Institut des Sciences Nucléaires UJF-IN2P3-CNRS,
Grenoble, France

V. Murugov, A. Senik, A. Kravchenko, D. Litvin, V. Misko, S. Petrov, Russian Federal Nuclear
Center - All-Russia Scientific-Research Institute of Experimental Physics, Sarov, Russia

Abstract value. Flux of the plasma exceeds 0,1 Adcelectron
A review of experimental investigations on iontemperature is about 20 eV. Such plasma seems to be
production in plasma developed on SMIS 37 source at thieresting for surface modification.
Institute of Applied Physics of RAS (Nizhny Novgorod)
is reported. Pulsed power gyrotron with emission 1 EXPERIMENTAL SETUP

frequency 37.5 GHz was used for plasma creation andy| the experiments were performed on the setup

heating in the simple magnetic mirror trap. Magnetic fieldchematically presented on Figure 1. The source of

with value up to 3.5 T was created by pulsed coilgnicrowaves was gyrotron. Maximum power level was
Experlments were qarrled out In nitrogen as operating gasg kw, pulse duration was 1.5 ms, and frequency was
Formation of multicharged ions in dense plasma '@qual 37.5 GHz. Quasi-gaussian beam of microwaves
different regimes of plasma confinement wagyas focused into the vacuum chamber placed in warm
investigated. _ _ o simple mirror trap. Length of the trap was 25 cm. Mirror
_In this report we describe some investigations qLyin \was 4. Maximum value of the magnetic field in the
instabilities of the plasma in the trap. Low frequencyap was more than 3.5 T. We used two-electrode quasi-
instabilities are analyzed basing on the results of plasiBgyce extraction system for ion beam formation. The
high-speed image registration. Also, whistler cyclotrogytractor was placed into the plug. The diameter of the

instability was observed. Short pulses of acceleratgge in the plasma electrode was 1 mm. We could apply to

electrons with energy about 10 keV are measureghe source up to 30 kV of extracting voltage. Extracted

Detected short pulses of microwave emission of the,o \was analysed and collected by two Faraday cups.

plasma characterize cyclotron instability too. ~ Removable Faraday cup was placed right after the puller
Dense plasma of singly charged ions obtained in th§ectrode.

trap with the plug magnetic field much less than resonant
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Figure 1: Schematic presentation of the setup SMI

*E-mail: avod@appl.sci-nnov.ru


mailto:avod@appl.sci-nnov

210N EXTRACTION 025

Generally speaking ion source should produce a beam _ o,
of ions with composition and flux required. Using ¢«
gyrotron with frequency 37.5 GHz as a source of
microwaves we can obtain plasma with rather high
density ~ 510" cm?® and with high flux of the plasma g 01
throw the plugs. Such dense plasma requires quite high 5
extracting voltage being applied to produce an ion beam
with good characteristics. Due to some technical
problems it is possible to apply only 30 kV now. It is not
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enough for a good beam formation. But fine-tuning of the %% 35 40 45 50 55 60 65 70 75 80 85 90 95
extraction system and control of plasma parameters analyzing megnet current, a.u.
makes it possible to achieve the result than 80% of a) t = 100us

extracted current with flux density of 200 mA/ém

reaches Faraday cup placed right after the long (33cm) > o
puller (see Figure 2). u
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Figure 2: Faraday cup current and puller current versus 5 o.1s
extracting voltage. Extracting hole diameteris 1 mm. 3 |
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3MULTICHARGED ION FORMATION gt
AND PLASMA STABILITY 0.05
SMIS37 is aimed to produce intense beam of i

multicharged ions. As it was shown above maximum %o 35 40 45 50 55 60 65 70 75 80 8 90 95
achievable extracting voltage is very important factor anelyzing megnet current, a.u.

defining the extracted beam quality. In this section some ¢) t=700us

other problems limiting the performance of the source ,.
will be discussed.

Figure 3 shows the typical temporal evolution of
extracted multicharged ions during the microwave«js_
pumping pulse. First 100 ps (Fig. 3a) of the dischargeb
ions of injected gas (nitrogen) with low charges dominate;glo'l
but there are some impurities already. Average Z grow:
up with time (Fig. 3b), but amount of impurities grows up g 01
also. Later (Fig. 3c) average Z became quite high and
impurities (mainly carbon) became to be at the same level 0.0
as injected gas. Later (Fig. 3d) carbon starts to dominate
and this is followed by drastic change in discharge ©

30 35 40 45 50 55 60 65 70 75 80 85 90 95
character. aralyzing megnet current, a.u.

3.1 Two stages of the discharge, impurities d) t =900 us

In common case there are two stages of the discharg&igure 3: Typical temporal evolution of the charge state
First is “axial” discharge. It was called “axial” because in distribution in the extracted ion beam.




this case plasma looks like a column with respectivelguch a small rising time of a plasma column discharge
small diameter (about 1 cm). This stage is characterizegtjuires very intense source of neutrals. Authors suppose
by a rather good confinement time _ ~ 150 ps armrocess of desorption of the gas from the chamber walls
respectively low extracted current density J ~ 200an play an important role. Desorbed neutrals can be
mfé%rrﬁ (See Figure 4). The second stage of the dischartgken into account in a simple zero-d model:
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T T A A A WhgreNe is plasma densityy, is neutral den.Sit.yTe.: 3.00
0 010203040506070809 1 111213 14 1516 €V IS electron temperaturle= 2-10-7cme-st is ionization
Time, ms coefficient, _is confinement timef is neutral gas inlet,
is ion-atom secondary emission factor (desorption).
Figure 6 shows the calculated densities of neutrals and
is “volumetric”. In this case plasma looks like to fill allplasma in time for different. There are three parts in the
the volume of the trap. This regime characterized by poeurve. First part is ionization process, it lasts up to 100 us
confinement _ ~ 15 ps and very high extracted current Jor conditions corresponding to the experiment; there is a
4 Alent. The ion charge state distribution for the firsguasi-stable flat part of the curve and very drastic increase
stage was described above (of course when durationgdf the densities to the infinity at finite time — the
the stage is long enough). Experiment shows thakplosive instability. The duration of the stable part of the
impurities with low charges dominate in a case afurve depends on (see Fig. 6) andF and this

Figure 4: Oscillogram of extracted current.

“volumetric” discharge. dependence character corresponds to the experiment.
. . lel6
3.2 Explosive instability _ a=11 a=102
Such a dramatic drastic change in the source operation 1614: 1 rf a
raises two important questions “Why one stage of the 1g12L S e -~ a=10

discharge changes another?” and “Where impurities comeg
from?” Performed experiment with high-speed image ©1el0
register was fruitful to make the situation clearer. The &
optical image of the plasma in the trap was registered byg le8
the high-speed frame-mode CCD camera with shortest® 16|
exposure duration about 5 ps. Image corresponding

“axial” stage of the discharge is shown on Figure 5 (left  1e4
image). The image remains its appearance during the first 162
stage of the discharge. The typical image of the plasma in

the “volumetric” stage of the discharge is shown on the  1eQL

Figure 5 (right image). In this case plasma consists of 0 01 02 03 04 05 06

several columns, they appear and disappear at different i

radiuses independently. Lifetime of a columns is less than me, ms

the lowest repetition period of the camera; it equals 10 ps.Figure 6: Calculated neutrals and plasma densities for
different deadsorption coefficients.

Neutrals density
Plasma density

This simple model shows the importance of the
desorption process which can lead to an explosive
instability of the discharge. This instability can play the
main role while “volumetric” stage of the discharge
changes “axial”.

3.3 Spatial instability

The spatial instability of the plasma in the simple mirror
trap is the most important thing, which determines the
transversal losses of the plasma. Streak camera placed in
Figure 5: Typical negative image of the discharge. Leffont of optical flange of the plasma chamber was used

corresponds to “volumetric” stage. results can be described with help of two photos shown
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on Figure 7. Upper image on the Figure corresponds @bviously, maximum of the charge state distribution is
discharge with respectively low current density of thelose to the Kf during the last part of microwave
extracted beam (it was about 200 mA#enbower image pumping pulse. But these oscillograms also show the
on Figure 7 corresponds to the situation when extractedcillations of currents due to spatial instability of the
current is several times higher (at the level of 2 Ajcth  plasma in the magnetic trap.

is clear from the images that plasma in the trap is unstahje . . -
in both cases but timgescales F(inffer. In first cas[()a it is abo t4 Whistler cyclotron instability

150 ps, in the case of high current timescale of spatialDetailed report about whistler cylotron instability
instability is about 15 ps. developing in SMIS 37 is presented in [1].

4 OFF-RESONANCE DISCHARGE

A very interesting and promising experimental result
was obtained in a case when microwave discharge at low
pressure (1810 torr) exist in the trap then ECR zone
does not exist in the vacuum chamber (_ 3» Electron

P temperature (about 20 eV) of the plasma escaping from
the plug was measured by Langmuir probe. Flux of the
plasma through the plug was about 1 AdcrThe

R _ characteristic feature of this discharge is its purity. lon
kil R N P T charge state distribution in the off-resonance discharge is
Tire ke “,{\," > presented on Figure 9. Argon was the operating gas.
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Figure 7: Negative streak camera images. Upper one is § al i
for the discharge with 200 mA/érof extracted current, 5 |
lower - with 2 A/cmi. §6 L ]
Spatial instability limits plasma lifetime. But using the = Arts
) ) T 4 —
gyrotron with emission frequency of 37.5 GHz and power g | e \
130 kW as a source of microwaves sustaining discharge@ ol E
provide rather high plasma density (more than 2 d@ | \ /\ |
%, and confinement parameter, Nis more than 2.20 0 L | | | i
s-cn? in a case of respectively low current density. This 0 20 40 60 80 10¢
value is enough for effective production of multicharged Analyser magnet current, arb. u.
ions with average charges. Figure 8 presents the latesFigure 9: lon charge state distribution in off-resonant
result when it was possible to prolong the low current discharge.

(“axial”) stage of the discharge up to 1.5 ms and to avoyecond characteristic feature
the explosive instability of the discharge due t
desorption of the gas from the chamber wall.

> is the stability of the
discharge. All the oscillograms are free from the
oscillations and streak camera shows its spatial stability
also. This off resonance discharge at such a low pressure

NZ* requires two conditions. Some foreplasma should be in
pumping N* pumping : the trap before microwave pumping sustains it and
- A : -> : microwave power should be high enough. This discharge
M bete] B seems to be interesting and promising for some
3 L applications.
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Figure 8: Oscillograms of different ions of nitrogen with
oscillations due to spatial instability of the plasma.



