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An fon source test facility has been constructed at
Oak Ridge Nationmal Lahoratory for making fundamental
measyrements of the properties of Penning ion sources.
The extracted ion energies from the source can be up to
36 x q (keV), where q is the ion charge. Both negative
and multiply charged positive ions have been extracted
from the source. The facility has high current capa-
bilities for acceleration and for the arc power supply.
These low-energy, mulitiply charged ions are currently
being used for measurements of charge exchange cross
sections, x-ray production, and electron impact excita-
tion and ionization.

Introduction

The advance of nuclear research into the field of
heavy fans has raesulted in an intense effort in produc-
ing high charge state ions of all elements in ion
sources. In the past, a major portion of ion source de-
velopment has been done on operating accelerators. In
arder to accelerate the development of positive fon
sources, a test stand has been constructed at Oak Ridge.
Two main objectives of the ion source test stand were
given prime consideration in the design of the facility.
A program of beam diagnostics and atomic physies mea-
surements that operates at ground potential required
floating the ion source at high potential. Secondly,
adequate separation of the individual charge states for
a wide range of charge-to-mass ratios is desired in
order to measure the properties of each charge state
beam. Construction of the facility was begun in early

1973 and it was used that same year for checking out the .

rotatable cathade ion source. Extracted beam experi-
ments were started in the fall of 1974.

Ion Source !

The facility is designed to accommodate a variety
of Penning type ion sources. Cold cathode ion sources
that used 2-5 kW arc power have been operated on the
test stand.! The present fon source in the test stand
1s the rotatable cold cathode Perining ion source.? This
source is designed to increase the operating lifetime of
the cathode between source maintenance periods. Its
cathode is a disk of tantalum that may be rotated to a :
new position to strike an arc. A schematic of the ion -
source is shawn in Fig. 1. The plasma collimators may
also be rotated and a 1ifetime-improvement factor of
six results. A source that wili produce dc extracted
tons?d from solid charge materials is planned.

- Ion Source Analyzer
. The ion source test facility is shown in Fig. 2.

It is composed of a 30 in. diameter magnet having a

7.5 in. gap. The ion source in the facility is floated
from +4 to +36 kV, allowing acceleration of ions up to
an energy of 36 x q i«e¥. Atomic physics experiments
have operated up to 27 kY. Floating the ion source to
high potential necessitates operation of the 75 kW ion
source power supply at positive potential. A velocity
analyzer using crossed electric and magnetic fields pro-

" vides substantial m/q dispersion (0.5 in, separation be-,

tween “9Ar3* and “OAr@¥ at an acceleration voitage of !
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Fig. 1. A schematic view of the rotatable-cathode ion
source developed in the ion-source facility. Rotations
.of the cathodes and plasma defining apertures allow a
{considerable increase in source lifetime.

110 kV and magnetic field of 4 kG). This combination of
electrostatic and magnetic fields deflects the beam by
60° and leads to a focused beam at the deflector plate
exit." A variable slit system is provided at this
focus point and allows single-charge state selection.
The beam enters a region where the field is reduced to
less than 50 gauss by magnetic shields.5 A pair of
electrostatic steering plates is mounted in the mag-
netic shield (Fig. 2) and provides fine tuning in the .
beam direction. After the ions leave the magnetically"
shielded region they enter an electrostatic doublet
quadrupole lens which focuses the beam onto the desired
-experimentail target at ground potential. The accelera-
‘tion and electrostatic deflector power supplies are
ivoltage regulated to ~0.01% and are built to withstand
large current surges that are characteristic of eiec-
itrfcal breakdown of the cold cathode Penning ion source.

tor is adjustable. The ion source to extractor clear-
ance (in-out) and the horizontal alignment (left-right)
of the soturce with respect to the extractor slit are
all remotely movable. In addition, the angle of ex- .
traction between the jon source and extractor is many-.
aily adjustable. . : |
The vacuum system was designed to provide fast

_purp-down {»1 hour between Source changes). The system
has tws major vacuum regions. The source chamber has a
ibase pressure below 1 x 10-8 torr and operates at 1 to .
5 x 1075 torr with source gas. The analyzer region, |
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Fig. 2. A schematic view of the ion test facility is shown. Experimental chambers for atomic physics may be
connected to the facility instead of the faraday cup.
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which is open to the source region through the extrac- 20 D)
tion s1it, has a base pressure below 5 x 10~7 torr and w ! ,
oparates at about 1 x 10-¢ torr with source gas. yte
: i LN !
Source Test Stand Operation ! 10 [— 40 4o :
Yarifous m/q ions have heen extracted from the . ¢ - ooy P
source and have been used to check operating parameters T 1Bg2reg O\ Te
of the facility. Only ions with m/q given by the fol- N P
towing express:on are expected to emerge from the velo- Y [ e
city analyzer. : P MAGNETIC FIELD: 4KG \,.F .
2 1 1 2. — ACCELERATION VOLTAGE: 10KV — "],
) wa= (4.55)2 (A + /2 0.0%31P l | ]
E «5¢ /2) 10.0208 + Y (XZTH) 2 !
i P 4 ) 12 % . 20

. . DEFLECTOR VOLTAGE (&V) T
where m is the mass of the ion in amu units, q is the :

jon charge state, H is the magnetic- field in kG, A is Fig. 3. The analyzer deflector voltage (kV) versus

the acceleration ‘voltage in kY, and P is the deflector mass-to-charge ratio. The curve is obtained from equa~

voltage in kV. The experimental operating curve for 19 tion (1) and the points are beams that have been extrac-

kV acceleration and various ion beams is shown in Fig. ted and identified over a period of several months.
3. The experimental data is in excellent agreement o
with equation (1). ~+ electrostatic analyzer is related to ion bsam charge

. :  states by equation {2).7 :
The waximum energy obtainable for a given m/q ion . - T

1s determined by the maximum deflector plate voltage (2) v = (qi/qf) (0.6)(\!“) i
(:5 a‘;v).ithe minimumhmagl;etic field needeg4toG§ustazn : P ! o 3
the Penning arc in the high current mode k@), an : !
the lcceleaation voltage (36 kV). Typical extracted 'gh::eigg ;sa;heh:nalyzgtmate :oltt::ge;imlishthe inci-
* beam currents, which depend upon the ion source slit tate and Ve e t;g s .'e’ 2f s 1t naf gh"ge
size and as measured by the acceleration power supply State 4 15 the acceleration voitage of the 1an
beam. An identification of the extracted ion charge

2 ‘
g;::: ::;ﬁ;t&r:::ﬁ 28‘,’,:2:1’:‘:?{1-22 2‘2 :g;ll) o h:l;tgéen state is made by scanning the electrostatic analyzer
observed, Most of this current is believed to be from - Fiate voltage and detecting the charge-transferred
: peaks. With this information and the known m/q ratio,

the ion source. Beams of C5*, 05+ and Ar8* have been k gt , one KNnow
_ ' . a positive identification of the ion species can be
successfully accelerated and charge. identified. : pade. Figure § s the analyzer spectrum obtained for -
. : -+ N2+, N3 NYF and NS* at 10 kV acceleration voltage. -
Ton Source Test Facility Experiments * Figure 6 is a_spectrum obtained for an *0ArS* heam. Also

! ~ present is a'large contaminant beam of charge state 3.
An electrostatic parallel plate analyzer and 2 gas In a like manner, many large peaks of contaminants have
- ¢eil have been installed in the beam line in order to been identified with the electrostatic amalyzer. Be-
make charge-changing cross section measurements. Fig. 4 cause of our experience in finding and identifying these
is a drawing of this apparatus. The voltage on the ‘ 'i'large contaminant beams, we believe that a system that "-
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o provides positive identification of the ions chargq' . S T
+ state s mandatory to achieva reliable test stand data.
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Fig. 4. Experimental apparatus used to identify the : e {
charge state of the extracted ion beam from the fon- el :
source test facility. The beam passes through a gas 3 i
cell and then is analyzed by an electrostatic deflector. . l |
The trajectories of the primary beam (q¢) and a charge . i A |
transferred peak (qg) are indicated. A channeltron - |
detector is mounted at the exit of the electrostatic N ;
analyzer. ) ; '
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¥ / o Fig. 5. Charge transfer spectra for N2¢, N3*, N** and
5 o - N°% obtained from the ion-source test facility. The
¢ 175 ) CIa e lowest voltage peaks are the primary extracted ion
. beams. The volitage spacings between the following peaks
are used to identify the charges of the primary .ion
beams. The accelerating voltage was ~13 kV, magnetic
.I;l'eld 4 kGhand~the source deflector voltage is given in
the parentheses.
'a'ut_')z ' i i Y
| | 1 b | ' The measured energy spread obtained for the extrac-
° s . 0 s oy 28 %  ted fon beam was found to be less than 50 x q (eV) (Fig.
ANAUYZER PLATE VOUTAGE (bt . 7). This energy spread is the instrumental resolution
' . ' of our ana'lyze[, and is obtained for all charge states
Fig. 6. Charge transfer spectrum obtained for “%Art*, greater than 17, An energy spread measurement by an

Also present and shown offset on the vertical axis is a  electrostatic filter lens has confirmed the above mea-
charge transfer spectrum of a 3% ion beam. Many high- surement and shown an energy spread value of ~30 x q
intensity contaminant beams have been found with thé .  (eV).® A filter lens with energy resolution less than .
electrostatic analyzer. i 10 x.q (eV) is under construction. i
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-Fig. 7. Measured energy spread of N* beam extracted
from the ifon-source test facility. The FWHM i less
than 50 V, the resolving Yimit of the electrostatic
analyzer. For higher charge states, the energy spread
is also less than 50 V.

Atomic Physics Experiments

Various atomic physics experiments have been per- .
formed with the extracted beam of the ion source test .
facility. An example of the data obtained in a charge
transfer cross section measurement is shown in Fig. 8.
The various cross section curves are single electron
transfer for C, N, U in charge states 3 and 4 interact-
ing with molecular hydrogen. In addition to the charge
exchange measurements, experiments on x-ray production
and electron impact excitation and fonization are under-

way.

'

Conclusion

: A Penning ion source test stand has been built and
is now in operation at 0ak Ridge. A program of ion
source research, charge exchange cross-section measure-
ments, electron impact excitation and innization, and
x-ray production of high charge states at low energy are
in progress.

x . Acknowledguents

' We would like to thank C. M. Jones, J. Hale, E. D,
Hudson, F. Irwin, L. Love, E. Mann, 5. W. Mosko, and J.
Weidley who have contributed in various ways to the con-
ftruction and design of the facility.

|
|
|
L

1 RELATIVE VELOCITY (10° cw/sec)
1 oot .. R

Fig. 8. The charge transfer cross sections for C, N, O
and for initial charge states of 3 and 4 at various
velocities and colliding with molecular hydrogen. The
myltiple points on the N+ is an indication of the ex-
-perimental reproducibility including considerable change

.]fn experiment geometry.
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