


1 Introductlon -

- high charge states for heavy elements. ‘Moreover, this new source

'operate for the cyclotron-.:

: ‘The desngn of the first ECR multlcharged ion 'source DECRIS 14-4““ ‘
1 was started at FLNR in'1989 ‘and the first plasma was 1gmted in.
e ‘.'January of 1992 [1]. DECRIS 14-1 is: MINIMAFIOS type ECR ion
.‘ ”:jsource with a large dlmensmn and compllcated structurc The electrlc o
. 'power’ consumptlon of this source is'more than 100 KW I‘lle source'{ 7
¥ ;.,j;s very convenlent for the mvestlgatlon of. ECRIS propcrtles, but’not j’{f o

S i sultable to be coupled. to U-400M cyclotron

.‘toperatlon for the U 400M cyclotron

Q’Conﬁguratlon

‘ llsted in Table 1
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NN ECR lon source development at F LNl{ JlNl{ has been tllc main m--', '
R "gredlent in the upgradmg of the .U-400M Cyclotron’s porlonuancc e
‘ +"so-called the project of axial injection beam line. llu main idea. of -
.;bulldlng an ECR ion source.with good- ‘performance in the multiply - :
.. charged ion productlon was triggered by the requests of hlgll chargekkf"yil
" states and high- beam 1ntensrty for this axial injection beam line. Sol v
" the'new. ion source should: supply lugh enough’ beam 1utenslty with'

3 ‘:should be compact with lower electrlc power consumptlon and easy to' o 8

~In such background the second ECR ion source DLCRIS 14 2 was P
v‘:vproposed in“the middle of 1992 ‘The: pl)ys1cal and te chmcal des1gn» S
- of 'this new source was ﬁnlshed in the beginning of 1993. The first
‘plasma was 1gn1ted in. November of 1994." The prelmunary test and
: ‘,;?‘optlmlzatlon for hlghly charged ion productlon have been pcrformed SR
,“smce December of 1994.' Now: DECRIS 14 2 1s’ rcady to be put 1nto<_'

2 Source Structure and Magnetlc Fleld’i‘;!" | !

r 1gure1 1llustrates the source structure The“ main parameters are .

A Tlus source’ shares many commou lcatures with tlmt of CAPRICE
. ‘'source [2] and GANIL’ ECR4 [3]; such as plasma cllambcr with a
e double wall so that“ coollng water could bc rumuug around to avond,u“f i
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Table 1. Main Parameters of the DECRIS 14- 2‘

,AXIAL MAGNETIC FIELD

Peak on axis

- Typical solenoid current

Maximum solenoid current

‘Length of the second stage mirror

HEXAPOLE
External diameter.
Internal diameter »

Hexapole length

Hexapole field on chamber wall
PLASMA CHAMBER .-

Internal diameter for second stage -

| Internal diameter for first stage

Length for.the second stage

.| SOLENOID

Solenoid number
Internal diameter
External diameter
Pancake number

| Number of the layers -

1 Maximum electric power Consumptlon o .

Cooling water flow- rate
‘Cooling water pressure -
Length of the wire for two solenoids

1.2T
950.A -
1000-A- -

;19.cm

19. cm
7. cm. -

» 20, cm

11T

6.5 cm

2.9 cm

<22, cm .

2 Ty
18. cm
34. cm

6 Double pancake

9
60 ~Kw

5atm-:
170m

R
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corrosion problems due to cooling, so the cooling liquid is never in
contact with the FeNdB permanent magnet; the copper coaxial line
for the rf power coupling and gas feeding, also possible for solid ion
production with a micro-oven or insert rod in it; the cone-shape ring
around the first stage used for raising the axial magnetic field peak and
defining the peak position; the two solenoids for the production of axial
mirror magnetic field; the iron yoke around the coils for increasing
the axial field at each end; the iron ring between the two solenoids
dedicated to the reduction of the axial field in'the center to achieve a

required mirror ratio. The plasma chamber and hexapole are 1nsulatedv

from the solenoids and the main vacium pumps.> = o

Each of the magnetic solenoids shown in Fig:1 cons1sts of 6 double
pancakes. Each pancake has 9 turn layers of 5.0 mm-hollow-core cop-
per wire. The two solenoids are placed around the extremities of the
hexapole and totally.embedded in an iron yoke: The.axial magnetic
field distribution is shown in Fig.2 from which we can 'see:the calcu-
lated distribution is-in a very good agreement ‘with the experimental
measurement. The axial magnetic mirror is inside the length of the
hexapole. The peak of axial mirror magnetic field at the injection side
is as high as 1.2 T. The gradient of the magnetic field along the radius
and the axis is also very-high from 0.4 T to.1.2 T which is supposed to
be beneficial to the multiply charged ion production: The amplitude
of the axial field at the extraction side is relatively small up to 0.85
T- 'Y ‘ . T ' ' ik : R ! -
In order to minimize the magnetized volume and leave more space
to the coils, the hexapole with a special structure consists of three
parts with different external diameter. The central part of the hexapole
has a large thickness to get an intensive radial .field on the wall so as
to enhance the plasma confinement , since the' main ECR plasma is
situated in the central region of the chamber. The two extremities of
the hexapole can ‘be smaller because: the axial magnetic field is mxi-
mum. So it is possible to use small diameter coils where the axial field
must be maximum. The central part of the hexapole is made up of
24 pieces on the base of the Halbatch construction, 7.0 cm in inter-
nal diameter, 19 cm in external diameter and 10 cm in length. The
cross section is shown in Fig.3. The calculated magnetic field along
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Fig.1 Schematic form of DECRIS-14-2

12000.0. frrr
11000.0 f
10000.0
90000 F
80000 |
70000 |
6000.0 F.
5000.0
4000.0 f
" 3000.0 f
2000.0
o 1000.0

B (Gaus)

T TTT T YT T T T T T T

m Measurement £
11=12=933 A

A Calculation
11=12=933 A

0.0

- .15 ..20 .25 30 .

L (cm)*

35 40

| Fl‘:ig.Q: Ax1al f‘riz;’g:nétié’ﬁeld distribution | »‘



Fig.3 The cross section of the hexapole at the central part
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Fig.4 Calculated radial magnetic field of the hexapole at the central
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the radius is demonstrated in Fig.4. In every segment the easy axis
orientation keeps in the same direction, and the easy axis orientation
advances by 60 degree from one segment to the next: The extremities
of the hexapole are similar to the central part, but made up of 12
pieces, 7.0 cm in internal diameter, 17 cm in external diameter and 5
cm in length respectively. The easy axis orientation advances by 120
degree from one segment to the next. The radial magnetic field of the
whole hexapole was measured , as shown in Fig.5. We can see the field
distribution at the central part along the axis is quite uniform which is
important for an ECR ion source. On the wall ( r ~ 32mm) the field
can reach more than 1.1 T. The radial magnetic field distribution in
athimuthal direction was also measured at the center of the hexapole
with different radius, as it is shown in Fig.6. 7

The extraction system of the source consists of a plasma electrode
with 8 mm exit hole and a stainless steel puller with 12 mm hole,
the distance between them is about 30 -mm. The plasma-electrode
is situated near the extraction peak of the axial magnetic field. The
optimum position of the plasma electrode should be determined ex- -
perimentally.

3 Preliminéfry Results to Gaseous Ele-
ments and Optlmlzatlon to Highly Charged
Ion Productlon

The source has been tested with nitrogen , oxygen, neon, argon and
xenon. The highly charged ion production of these gases has been
optimized by the gas mixing effect and a negatlvely biased electrode
(no first stage). :

In the gas mixing, main gas and support gas are fed by two sep-
arated piezoelectric valves located near the first stage. Tlhe mixture
of main gas and support gas is feeding into the source through the

‘coaxial line. It is also posmble to feed the support gas from another

port near the first. pump.
In the design of the negatively biased electrode, con51dcrmg the
simplicity, the negatively biased potential is applied directly to the
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coaxial line which is insulated from the other part of the source with
the high voltage , in this case, We should try to prevent the microwave
passing through the insulator between the coaxial line and the copper
cube in order to avoid microwave leakage and the heating to the copper

_cube. The position of the negatively biased electrode is important and

should be optimized. We put it at the peak of the axial magnetic field.

The preliminary results ar€ summarized in Table 2. The typical
spectrums for oxygen and argon are shown in Fig.7 and Fig.8.-

By means of the negatively biased electrode and the gas mlxmg v
effect , the typical ion currents with high charge states are improved
averagely by 2.3 times compared with using the traditional compact
first stage. The typical ions that we optimized are 016, Argt and -
Xel3t. In Fig.9 we present the comparison between the results with
the first stage and the results optimized by the negatlvely biased elec-
trode and the gas mixing for the highly charged ions of oxygen, argon
and xenon. The currents and enhancement factors of the typlcally
optimized ions by the negatively biased electrode and the gas mixing
effect are listed in Table 3. The comparison of the typical ion currents
with the first stage and the negatively biased electrode (no first stage)
is given in Table 4 ('in both cases with the gas mixing effect).. Com-
pared with the traditional compact first stage (with a quartz tube ),
we can see from Table 4 that the negatively biased electrode (no first
stage) increases the currents of highly charged ions averagely by 1.5
factor when the gas mixing effect exist in both cases.

When we tuned the:source, the ion currents keep rising. w1th in-

ccreasing the negatively biased potential, and then saturate. Fig.10
~shows the dependence of the ion current on the negatively biased po-
“tential when we optimized Ar*. The negatively biased potential has -

to be optimized according to different ions, axial magnetic field, rf

.power and gas feeding rate. The optimized negatlvely biased poten-

tial increase with the coupled rf power and the mass of the optimized
ion, as shown in Fig.11 and Fig.12. When the negatively biased po- -
tentlal is increased, the gas feeding rate usually has to be decreased.
We also tested the first stage together with the negatlvely biased
potential when we optimized Ar®*. The enhancement factor by the
negatively biased potential together with the first stage is much less



Table 2. The Preliminary Results from DECRIS-14:2 (p A) |

INQT s 6 778 o]l 16]17][18]19]20
"N |110]20] -
O | 1801135 ] 24

Negg 90 | 56| 20
Arg 166 1 98 25 ,
Xeya , 20 [ 23 [ 26 29 131 [28 118

*: All the currents were got with rf power less than 250 W and extraction
voltage 10 KV. ‘

Table 3 Thé currents and enhanceméﬁt factors of the typically op-
timized ions by the negatively biased electrode and the gas mixing
effect.

1 ( pA) { First Stage | Negatively Biased Electrode + Gas Mixing Effect f
o%F G0 I35 2.25
Arll¥ 11 ’ 25 2.27

Xel5F 1 B 221 |

i

Table 4. Comparison of the typicé,l ion currents from DECRIS-14-2
with the first stage and the negatively biased electrode -

T( pA) | First Stage | Negatively Biased Electrode Enhancement
%~ 90 | 135 ‘ Factor |75
Argy 63 98 \ 1.56

CArgt | 165 .. 25 g : 1.52

Xt 53 B E— T35
Xejas 22 - 28 S WY
*: In both cases with the gas mixing. L ’ 2
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Fig.7 Oxygen spectrum optimizing for O%*
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Fig.8 Argon spectrum optimizing for Arll+
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than the negatively biased electrode without the first stage. The ion
current of Ar®* only increases from 60 x4 A to 76 u A.

4 Conclusion and Modification

The preliminary test of DECRIS-14-2 to the gaseous multiply charged
ion production was performed. The operation and performance are
stable and reliable. ‘'The highly charged ion production has been op-
timized by the gas mixing effect and the nagatively biased electrode.
In order to improve the performance of DECRIS-14-2, the following
modifications are planed:

(1). Modification to the negatively biased electrode in order to
prevent the leakage of microwave power.

(2). Add the cooling system to the part of rf power coupling so
that we could increase rf power more than 400 W.,

(3). Put two slits with adjustable-width in the front of and after
the analyzing magnet to improve the resolution; re-calculation of the
optics for the beam line of our test bench to improve the transport
efficiency (present efficiency is less than 30 % ). ‘

(4). Optimize the position and the exit hole size of the plasma
electrode to raise the extraction of the highly charged ions.
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