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Operation of the ORNL ECR Source*

F. W. Meyer
Oak Ridge National Laboratory

Oak Ridge, TN 37831 USA

During the past year, the ORNL ECR source has fu l l y demonstrated i t s
capabil i ty for providing the high charge state, high current beams required
for our group's atomic physics research program. The ECR source, which is
dedicated completely for use in our investigations of the col l is ional pro-
perties of multicharged ions, has permitted considerable expansion of
research in some areas, and has opened other areas that were experimentally
unaccessible to us previously. A part ial l i s t of publications resulting
from implementation of the ECR source is provided in the appendix.

In addition to pursuing a very active atomic physics research program,
we have also further optimized the performance of the ECR source. The f i r s t
stage of the ion source was redesigned co operate at 10.6 GHz in the elec-
tron cyclotron resonance mode. Microwave power to the f i r s t stage is
obtained from the main 10.6 GHz supply providing power to the second stage
by means of a low re f l ec t i v i t y variable power divider. Addition of th is
improved f i r s t stage has been found to s igni f icant ly enhance s tab i l i t y of
very-high-charge-state beams, and of ion beams of the l ighter elements. In
order to compensate for the lower magnetic f i e l d in the f i r s t stage relative
to ear l ier over-dense operation, an auxi l iary coil was added to the middle
second-stage c o i l . Figures 1-3 show various aspects of the present config-
uration of the ORNL ECR source, and Table I summarizes the source param-
eters.

In order to maximize axial f ie ld tuning capabi l i ty, a th i rd axial f i e ld
coi l supply was ins ta l led . The currents in a l l three axial f i e l d coils can
now be independently varied over a suf f ic ient ly wide range to f ind the op t i -
mum axial magnetic f i e ld p ro f i l e . In the event of a coil power supply f a i l -
ure, the th i rd supply w i l l also act as a back-up, since the two second stage
coils can also be energized in series by one of the main supplies plus a
much smaller tr im supply, as was done in the original configuration.

The capabil i t ies of the ECK source were extended to metall ic ion pro-
duction by use of a solid sample feed technique similar to that described by
Delaunay et a l . 1 Using th is technique, a metallic vapor is created from a
thin f o i l sample heated by insertion into the second stage plasma. The f o i l
is clamped to the end of a lever arm that can be rotated about a pivot.
Rotation of the sample into the plasma edge is achieved via a mechanical
linkage to a linear motion feedthrough located on the microwave feedthrough
flange. A 0.2 mm thick sample of type 302 stainless steel was used in th is
manner to obtain beams of Fe, Cr, and Ni ions. Beams stable over a period
of hours were obtained with one fo i l posi t ion. Typical f o i l consumption
rates were measured to be about 7 mg/hr. Charge states of iron up to +15
were produced with suf f ic ient beam intensi ty for use in crossed beams
experiments.



Table 2 l i s t s ion currents presently attainable with the ECR source
for beams produced from four representative permanent gases, and one vola-
t i l e l iqu id (CH3I), as well as for iron beams produced by the solid feed
technique described above. The intensit ies of the part icular elemental iso-
tope quoted ref lect natural , i . e . , non-enriched, abundances. Al l beams were
obtained for source voltages in the range 10-12 kV, and using maximum s l i t
apertures consistent with the resolution required for unambiguous i d e n t i f i -
cation of the mass to charge rat io of the beam in question; typical entrance
and exit s l i t widths used were 10 to 15 mm. In the case of Xe ions, s l i t
widths were reduced to about 5 mm in order to suf f ic ient ly resolve the mass
129 isotope. The iodine beams were obtained during a short test run using
methyl iodide vapor. For s t i l l poorly understood reasons, consumption of
the l iqu id was extremely high, so that in a matter of a few days the roughly
50 ml of l iqu id contained in our glass reservoir was used up! The main
suspect at the present time is a leak in the gas feed l ine between reservoir
and leak valve. Source memory of the methyl iodide was short: while
copious I beams could be extracted i n i t i a l l y after switching to Ar source
gas, after two hours the I beams no longer could be found, and the Ar beam
charge state d is t r ibu t ion , which i n i t i a l l y was quite poor, returned to i ts
previously measured state.

At the previous ECR workshop,2 some suggestion was made that the energy
spread of ions extracted from an ECR source could be in part due to voltage
fluctuations in the source HV power supply due to imperfect load regulation
in the presence of current drain f luctuat ions. Using our 90° cnarge ana-
lyzer in high resolution mode ( i . e . , narrow s l i t s ) , and going to low source
voltages, we have investigated this poss ib i l i ty by comparing beam prof i le
widths obtained using di f ferent source HV supplies. The resul ts, shown in
Fig. 4, indicate that RF regulated supplies, when used at a small fraction
of their rated voltage and/or close to thei r rated current l im i t may in t ro -
duce spurious energy widths in extracted ion beams. Using the width
obtained using the series-pass-element regulated HV supply, we obtain about
5 eV x q as an estimate of the maximum energy spread of extracted 8 keV Ar8+

ions. Analogous measurements on Ar1+ and Ar2+ gave results within a few
eV x q of the above value.

All major components of the ECR source have functioned without break-
down since the source became operational a l i t t l e over two years ago, with
two exceptions. The f i r s t refers to a Klystron tube fa i lu re in April 1985
after only 1300 tube HV hours, 300 hours outside the VARIAN warranty
period. Cause of the fa i lu re was a vacuum leak due to a crack in the cera-
mic insulator between filament and tube body, a very rare fai lure mode
according to VARIAN. Thanks to a backup tube purchased together with the
original Klystron, and stored at VARIAN under their "bonded storage" pro-
gram, we were back on the a i r in a l i t t l e over a week. Without the spare
tube, we would have incurred a down time of over 12 months, due to the long
lead times inherent in the fabrication of the VKX 7809 tube we are using!
The other exception refers to development of a water leak in the extraction
end axial f i e l d coil December 1985. The leak occurred in the inter ior of
one of the double pancakes comprising the c o i l , probably at the cross-over
point where excessive pounding may have weakened the conductor. The leaky



pancake, while physically still being a part of the coil, was taken out of
the electrical and cooling circuits by suitable bypasses (see gap in axial
field coil in Fig. 2). The resulting decrease in the the number of turns
of the coils was compensated by an increase in coil current, with no noti-
cable loss of source performance. Total down time due to that failure was
a couple of days.

As regards future plans for ECR source utilization at ORNL, a source
very similar to the present one may be used in conjunction with an RFQ
accelerator as an alternate ion injector for the proposed 2 T.m HISTRAP
(Heavy Ion Storage JR_ing for Atomic physics) project. The Hoiifield 25 MV
folded Tandem accelerator wilTbe the main injector, while the ECR/RFQ will
permit independent operation of the ring when the tandem is in use for
nuclear physics experiments. Figure 5 shows the proposed layout of the
ring, including the ECR/RFQ beamline, while Fig. 6 shows the ECR/RFQ beam-
line in greater detail. Tables 3 and 4 summarize the proposed RFQ linac
parameters and simulation results, arrived at in collaboration with
J. Staples of the Acclerator and Fusion Research Division at LBL. Figure 7
displays calculated beam profiles in the ECR/RFQ beamline, and illustrates
the strongly converging beam required at the entrance of the RFQ linac. A
decision on the funding status of the HISTRAP project is expected to be
made by the Department of Energy sometime in FY "87.
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Table 1. ORNL ECR source parameters

Microwaves

First stage 10.6 GHz 5 - 100 W
Second stage 10.6 GHz (2.2 kW max) 20 - 1000 W

Magnetic Fields

Mirror ratio 1.6
Hexapole field at vacuum wall 4.0 kG
Field in extraction plane 5.0 kG
Field in first stage around B r e s for 10.6 GHz

(3.4 - 7 kG)
Total solenoid power 60 kW

Vacuum (operating condition)

First stage 10"3 - 10"^ T
Second stage (1 * 10"7 torr bas,-; i - 3 * 10" 6 T
Extraction 1 x 10"7 T

Dimensions

Solenoids ID 18 cm
Solenoids OD 40 cm
Hexapole ID 9.5 cm
Hexapole length 33 cm
Vacuum wall ID second stage 8.6 cm
Anode aperture . 0.8 cm
Extraction aperture 1.0 cm
Extraction gap 2.6 cm



Table 2. Representative ORNL ECR source beam currents
(e lect r ica l ph); 10-12 kV source voltage (see text for s l i t widths)

+1
+2
+3
+4
+5
+6
+7
+8
+9

+ 10
+ 11
+12
+13
+14
+15
+ 16
+ 17
+ 18
+ 19
+20
+21
+22
+25
+26
+29

160

400
300
170
100
83
50
2.5
0.1

110
120
90
75
*
65
73
105
45
*
3.0
0.7

5 6pe

10
*
20
*
23
25
*
*
20
10
5
*
2
*
1.5

8Yr

20
25
26
27
33
31
33
40
23
21
15
5
1
*
0.2b

127i

3
10
14
18
20
18
*
10
*
3
2
*
0.5

129Xe

5.0
4.5
3.5
3.5
3.2
2.5
1,5
1.2
1.0
0.6
0.6
0.5
0.25
0.12 -
0.08
0.05
0.01

Indicates m/q degeneracy with contaminant beam.



Table 3. Summary of RFQ Linac parameters

Design ion
Frequency
Input energy
Output energy
Vane length
Average bore radius ( r 0 )
Maximum surface f i e ld
Vane-vane voltage
Peak r f power
Cavity radius

197Au+3 3

228 MHz
5 keV/nucleon
251 keV/nucleon
236.6 cm
1.42 mm
28 MV/m
29 kV
30 kW
13.7 cm

Table 4. Summary of RFQ simulation results
(5-keV/nucleon RFQ input energy)

Unnormalized acceptance

Input phase space e l l i p s e parameters:

Output phase space e l l i p s e parameters:

Output energy:

Output energy spread (90%):

Output phase spread (90%):

Emittance growth:

Theoretical transmission:

79n mm fnrad

0.025 m
0.95ax

pv = 0.025 m
ay

= 0.95

px = 0.055 m
ax = 1.1
pv = 0.055 m
ay = -1 .2

251 keV/nucleon

±5 keV/nucleon (±2%)

±22°

0%

98%
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Fig. 2. ORNL ECR source solenoidal magnetic field
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Fig. 4. Analyzed beam profiles for Ar 8 +, 2 * 2 mm analyzer slits,
1 kV source HV, using different HV power supplies

(~2 mA current drain)

FWHM instrumental width AB-jnst = 4 ^ » where a is the slit width (2 mm)
A>* - . * _ at . • * k • • • / A n nA is the object dis t . (800 mm)

B is the magnetic field (273 G)

= 0.683 G

FWHM due to source ABS = / ( a B m e a s ) 2 - (AB- j n s t ) 2 assuming Gaussian p r o f i l e s .

Source energy spread/charge AE/q = 2 x eV x z6s/g = 5 eV using Fluke supply.

Note: This value represents upper l i m i t on energy spread of extracted i ons .
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