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IPP Garching is heavily involved in the devdopment of the RF driven H/D" ion source for
the ITER NBI. After the successful denondration of the required physical paramgters, the
epeaimetal  conditions have been extended to long pulses and large area beam exraction.
This paper contains descriptions  of the source and power supply modifications  necessitated
for long pulses as wel as the latest results induding the firg one hour pulse. Suppresson of
the co-exdracted dectron current is a key issue BExperiments  with potential  contral, different
megnetic filter fidds and caesum handling to suppress the dectrons and gahilise the

currents are also reported.

Introduction

Compared  to the RF source the widdy used arc sources have two main disadvantages in
paticular for long pulses and negetive ion production: much shorter mantenance intervals
necessary to replace the filaments and high caesum consumption  due to the evgporated
tungden from the filaments. A srdler prototype haes dreedy exceeded the ITER
requirements  with respect to current dendty, pressure and dectron content [1]. For these
reasons the dectrode less RF source has been chosen for the reference design for the plasma
gengraion inthe ITER neutrd beam sysem. The results were achieved on the “Baman”
testbed for an extraction area (~70cm ?) that is smdler then the ITER grid (2000 cm?) and

with the pulse length limited to less than four seconds



On the MANITU testbed (multi ampere negative ion test unit) a IPP the beam extraction
experiments  are focussed on larger extraction area (206 cm?) and pulse duration extended to
up to 3600 sasrequired for ITER. Currently MANITU uses the same type VI-1 ion source as
Batmen [1] where the RF power isinductivdly coupled into adrcula “driver” volume of 24
cm diangter out of which the plasma flows into the main chamber (b x 1 xd=30x 60 x 25
am?). In the ITER source it is planned to use eight of these drivers to support asource area of

15 x 0.6 m°.

SH-Up

The modifications  to the source design for long pulses are amed & temperature contral of
dl surfaces which are exposad to the plasma. This indudes active codling of the Faraday
shidd (protecting the insulator that forms the driver wal from the plasma load) and cooling of
the sde wdl and back plae by temperaure controlled water in order to prevent caesum
trgoping (Hg. 1).

The RF gengraar is 1 MHz and rated for 180 kKW for CW operdtion. However, asthe
pulse length has been increased, wesknesses in the design of the connections, trangmisson
lines, and the inaulaing trandformer  have become goparent. A concarted  effort has been
mede to improve dl these aspects of the RF sysem.  All connections are now solid drips of
condderable width as opposed to cable connections and where posshle drgos are usad indeed
of cables cooling has been added where necessary. Usudly RF metching is done by a
remotdy controlled cgpacitor in the source drcuit, but is has been demondrated, that
dternativdy additiond varidble capaditors in the gengrator RF circuit can be used for
metching by frequency change. This would avoid the remote contralling system a the ITER

source [2)].



New CW HV power supplies for extraction and accderation voltage (mex. 9 kV and 23
KV respectivdly) controlled by aunique dud tetrode sysem are in routine operation.

As aresult of these modifications long pulses without thermd disruption of the source or
RF power supply have been achieved. The key issue for sahilizing long pulses is control
over Csinjected into the source to enhance negdtive ion production. To improve the Stution
remote control of the oven temperature has been inddled, dlowing change of the evgporaion
rate during long pulses.

A long pulse cdorimeter that endbdles beam profile measurements  has been commissoned
only recently, therefore we can quote only dectricdly messured currents in this paper.
According to short pulse cdorimeter messurements  the calorimetric  current s expected to be
lower by afactor 0.7 to 0.8.

The experiments reported here use afilter fidd of 1000 Gaul3 cm produced by rows of 4 x
2 Co- Sm magnets on eech dde This s&t- up was identified in short pulse experiments as bang
mogt suitable operation.

At MANITU the plasma grid has 402 chamfered holes (f =8 mm, FHg. 2) ad is
temperature controlled by anovd forced ar sysem. Chanfering the extraction holes gives
the negetive ions produced on the grid surface amore advantageous  darting angle for
reeching the extraction hole [1]. The advantage of an ar cooled grid isthet the grid
temperature  can be kept bascdly congant during the pulse a around 150°. The air flow is
regulaed by acontrol vave Outdde the pulse the flow is kept low enough to dlow dectricd
hegters to warm up the arr sufficiently to get the plasma grid to apre- sdected temperature.
During the pulse the flow isincreesad to achieve sufficient cooling and the heaters are turned
off. Air coding is possble in the case of the RF source as the power depogtion onto the

plasma grid isonly afew percent of the RF power.



Two Langmuir probes to messure the ion ssturdtion current are placed dose to the upper
and lower edge of the extraction aea & 20 mm from the bias plate (Hg. 2). Vaious
gpectrosoopic  diagnodics are inddled pardld to the plasma grid, the results are reported in
[3]. The levd of the Cs content is detected by asmple Cs852 line intensty messurement  with
the line of 9ght 25 cm above the plasma grid.

A so-cdled bias plate on source potentid  was introduced covering the outer parts of the
plasma grid. The god was to enlarge the source area with respect to the extraction area which
isimportant for experiments with biasng the plasma grid with respect to the source potentid.
The plate is cooled with the same temperaiure controlled water as the source wadls.

The test bed pumping is provided by acryopump which was developed in collaboration
with FZ Karllsruhe [4]. Source and cdorimeter are neutron shidded dlowing 6hyear beam+ on

time with deuterium.

Results

To achieve high H™ currents by surface production it is necessary  to generde acaesum
layer on the plasma grid suface Many pulses are needed to didribute the Cs into the source
Parameters  to contral  this “conditioning”  are the Cs- oven temperature (evgporaion rate), the
wdl temperaure (Cs inventory on the walls), beam extraction (rdessng of Cs from the back
plae by back sreaming podtive ions) and the pulse length.

After finishing this tedious procedure apower efidency (H™ current dendty/RF  power) of
0.3 mA/om *kW has been messured which is consgtent  with the results on Bamen under the
same conditions. In shorter pulsss amaximum H™ current density of 250 mA/cm 2 based on the
dectricdly messured ion current has been achieved.

Previous to the inddlaion of the ar cooled plasma grid a continuoudy increesing co-

extr acted dectron current limited the pulse length to less than 200 s The smultaneous



increese of the caesum 852 nm light indicated thet caesum came off the heated plasma grid.
With cooling of the plasma grid the longest pulse length obtained was 3600 s (Fg. 3) - one
more of the ITER requirements has been fulfilled. Due to the high current of co-extracted
dectrons which dresses the extraction grid with ahigh heat load, the RF power had to be
limited to 45 kW in this experiment and hence the ion current dendty is reduced tol2

mA/cm 2 However, the ion current showed no signs of degradation and the dectron current no
further increese. The option to regulate to acongtant ion current by the RF power, if

necessary, hes dready been demondrated in shorter pulses of severd 100 seconds.

The increese of co-extracted dectron current within the fird 150 sec of the pulse remans
acriticad oconcern (see Hg. 4). A podtive bias of the plasma grid againgt the source body is
widdy being used to reduce this current: The plasma potentid is normdly pogtive agang the
source body and the potentid drop between plasma and wal controls the current to the
respective wadl. By increasng the grid bias the potentid difference between plasma and
plasma grid reduces and an increesing dectron current is flowing to the plasma grid.
Unfortunatdly, if the optimum conditions are not achieved in the ion source (e g. optimum Cs
on the plaama grid), it isfound that the extracted dectron current cannot reduced aufficiently
by increesng the bias, as the extracted current darts to decrease before the dectron current
reduces to the desred vaue

If the caesum conditions are good enough, no biasing is needed. This has been
demondrated on Baiman with the smdl extraction aea but has not yet been achieved on
MANITU with the large area It is assumed that further conditioning isneeded. Fg. 4 shows
as an example the importance  of the potertid  digtribution ingde the source I the connection
of bias plate to the source is cut, the potertid of the plate adjugts itsdf to adifferent potentid

with respect to the plasma and the dectron current drops significantly.



The caesum evgparation rate istypicaly aout 10 mg per hour. This isvery low
compared to arc sources of amilar dze (180 mg per howr @& MANITS [5]), which suffer from
the contamingtion of the Cs layer by evaporated tungden from the filaments.

It iswiddy known that in negative ion sources the use of megnetic filter fidd leads to E x
B forces to the plasma In the currently used configuration  the plasma dendty a the top edge
of the extraction area is5to 6times higher than a the bottom edge This asymmetry
dissppears conpletdy  if the megnetic filter fidd is weskened by 30 % (Hg. 5). However, the
negative ion current does not change, which shows that the plasma dendty dose to the plasma
orid suface is not the leading parameter for the H™ current.

During the fird prdiminary Deuterium experiments the source paformence was dmilar to
Hydrogen, but the dectron current was higher, demanding an increese in the srength of the
megnetic filter fidd. It isforeseen to continue the Deuterium  experiments a the end of this

yed.

Next seps

For afager Cs evgpordion control during the pulse ashutter between Cs oven and source
will be introduced. The expeiments for the optimization of the bias plae and plasma grid
potentid will be continued. During long pulses sputtering of the copper Faraday shidd can be
aproblem, therefore a Molybdenum coating like it hes been successfully tested a Batmen is

under way.

Summary
The RF source design and the RF power supply have been successfully  upgraded for long
pulse operation. The efidency for H production remained unchanged with the enlarged

extraction area The firg one hour pulse with H beam extraction has been performed,



showing dable ion and dectron currents. Suppresson  of the co-extracted dectrons and Cs
hendling in long pulses is dill anissue. For this purpose the conditioning procedure for the Cs
layer on the plasma grid and the potentid  digtribution insde the source together with the

megnetic fidd has to be further optimized.
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(Cold) water cooling of the driver backplate
and the Faraday shield < 18°C

I:'gTe?ﬁp(%wrg i(r%i;‘ontrol off

source body and

Cs oven

I
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| | —hiasolaie o,
< __:Hectroncurrents | | R —
: e S T
oo e e 5t S
MP""‘ ¥ Y
7777777777777777777 N \'\ Bias
lon currents ! | bias plate plate
,,,,,,,,,,,,,,,,, Lo i | foating [
0 100 200 300 400 500
Time/ (sec)

FHg. 4: Beam pulses a 50 kW and 0.4 Pa with bias plate floating and on source potertid
respectively, the bias current was in both cases the same
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FHg. 5 Symmeric plasma dendgty dter reduction of the megnetic filter fidd srength.



