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Abstract

A mechanism to adjust the cross-scction of
the arc column of a cold cathode P.I.G. icn source
has been developed.
colunn, and therefore the electron flux density can
be adjusted over a wide range with a fixed ion
source power. We have achieved in producing an _arc
column with power dcn51ty up to about 370 KWW/ cm?
and about 140 kW/cm3. With this ultra- high power
density, a great improvement on ion production has
been obtained. The peak beam currents of the
doubly cnargedlie-3 and lle-4 have been increascd,
from 150 pA to 750 pA and from 50 pA to 400 pA
respectively, using our compact cyclotron, **

Introduction

Ion-hcated cold cathode P.I.G. ion sources
with side extraction for the production of heavy
ions have been investigated by many authors(1-16).
Corprehensive tabulations listing the performance
figures and rcferences for a large number of P.1.G.
sources have been given in the review articles by
Bennett(17-19) and Osher(20). Most of the reported
data were resulted from test facilities and
expressed in terms of current intensity and of the
percentage of cach charge state for grglvcn
particle., The characteristics of tliese sources were

described in terms of design features and the inter-
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dependence of their operating parameters,
arc voltage, arc current, arc povwer, gas flow, tank
pressure, cathode and anode geometry, cathode
materials and lifetime, extracting voltage, magnct
ficld effect and so on,

such s

In this paper we report some initial experi-
ence with a PIG sourcetin which the cross scction
of the plasma colunn is adjustable, The study was
done using our CS5-15 compact cyclotron by measuring
internal beam currents at extraction radius and
extracted beam currents on external target, bkhile
the arc voltage and current, therefore arc power,
are maintained constant,
tron flux density can be regarded as a new parua-
meter. Ion production is found not only dependent
on arc power input but also strongly on power den-
sity used. Of course adjusting arc power alrcady

impliesthat power density is incrcascd or decrecascd.

We wish to point out that after the maximum arc
power is rcuched, it is still possible to increasc
the power density by tighting up the cross scction
of arc column.

Method and Operation

The gcometric arrangement of the 1on sourc
anode between the puller and the shiecld is illns-
trated in Fig. 1. The anode bore is 6.3 mm and is
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arc power density or clec-
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aligned with a hole of the samec size at the bottom
housing of the cathode. The hole in the upper
cathode housong is only 3.0 mm in diamcter. The
cathodes arc made of tantalum; 3 mm thick by 8 mm
wide. The cathode stem is 1.2 mm by 3 mm, a Cross
scction giving a balanced heat conductjon rate and
cathode temperature for He-3 ion production.
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Fig. 1. The structurc -of the ion source head,

axial rotation is about 5.5 degrces,

The ion source is adjustable in four indepen-
dent coordinates, namely, the horizontal ( puller.
anode gap ), the radial ( ion entrance anglec to
puller slit ), the vertical ( alignment of cxtrac-
tion slit with median plane ) and finally the axial
rotation control. The axial angle control rotates
the ion source head so that the opposite edges of
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the upper and lower anode openings arc used to
limit the size’ of the arc column. In Fig. 1, the
rotation is about 5.5 degrees and the cross scction
is about 0.27 mmZ. Unfortunately this rotation
causcs the arc column to retrcat away from the
extraction slit in either direction of rotation.
The slit surface also becomes oblique with respect
to the puller. So the axial rotation actually
produces the combined effect of increased arc power
density and some undesirable conditions. To remedy
this difficulty, the anode was bored with an angle
of approximately 6 degrces from both ends as shown
in Fig. 2. lHere the ion plasma column is close to
the extraction slit at any operating angle. The
improvement in beam currents over that from Fig. 1
will be shown in Fig. 6.

The computed arc column cross-section area
and the relative power density at a given angle, as
used in our sctup, is plotted in Fig. 3. If the
arc power at high thermionic mode is about 1 kW und
is maintained constant for all angles, onc obtains
the following table:

Axial Arc Column Power Density
Angle C-S (mmz) k¥/cm? k&/cem®
0° 6.5 15.5 6.0
1° 3.0 20.1 7.8
2° 3.8 29.4 11.4
3° 2.5 40.5 15.0
4° 1.4 57.4 22.2

5° 0.5 155.0 78.0
5.5° 0.27 372.0 144.0
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Fig. 2. Cross scction of the anode confi-
guration with 6 deg. tapered bore.

Typically the ion source is operated in three.
arc power stages:

Modce Arc Voltage Arc Currcnt
Penning 200-2500 V 0.001-100 mA
Low Thermionic 600-1000 V 300-500 mA
High Thermionic 200- 300 V 3.5-5.0 A

The thermionic modes can only be struck at
certain axial angle where the projecction areca on
cathode, available for emission of clectrons duc
to bombardment of positive ions, is large cnough.
Once the arc is started, the source head can be
rotated to obtain desired arc conditisns. For the
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Fig. 3. The uarc column cross-section arca
and relative power density as a
function of axial angle.

Penning mode, the arc current shows a step function
type of dependence on the axial angle. The angular

position at which the arc extinguishes is, in turn,
dependent on the gas flow and arc voltage used.
Increasing gas flow and arc voltage will allow the
arc to survive at larger angle,i.e., smaller arc

. colunmn cross section.

The typical pattern of crosion by spluttering

is indicated in Fig. 1 where the axial angle is
about 3.5 degrees. A pair of cathodes can be used
twice by cexchanging the upper with the lower
cathode. Total lifetime is about 100 hours.

i AR DA AT RN+ e

s KTV A QI VTR 3

v



Results

Axial angle and arc power dependence

Fig. 4 and 5 summarize the relative internal
beam currents of four types of particles plotied
against the angle of axial rotation of the ion
source. The beam currents were measured at the
extraction radius of the cyclotron. The dependence
on axial angle at three typical arc power stages is
shown for each particle. Each curve was obtuined
at a fixed rf dec voltage. The relative scale is
used only to comparce the beam current at a given
arc power nmode.
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current as a function of axial rota-
tion, relative scile applies to indi-
vidual curve only.

As mentioned in the last section that the
effect of axial rotaticn vepresented the combined
cffects of the change of arc power density and the
chiange of ¢leetro-peometric conditions: the
behavior of beam current does ot correspond
directly to the behavier of ion production, khen
the rotution is counter clockwise, beam current
always falls of{ for all cases. Ehile therve is
fittle change in power density becausc the bottom
hele is bigger and offsct, the effcct seemed to be
due to the fact that the are colwmm moves away from
the extraction slit.
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When the Ponning tede is used, beam currcats
peak around ccro degree for all four particles. On
the clockwise side, the bems current would suddvely
drop to zero as indicated by a downusrd arrow shere
the arc extinpuishes. More gas flow and higher are
potcential can estend the arc existance at ldr;vr

angle but the beunm curresis decrcase mopotesically,
as shown by the Jdagz points linkud by o aﬁ,;d Yige,
This decrease of boas current may boe rolated o the
encrgy distribution of the enitted wlecivons at o
given set of arc voliage and current and to the
strength of magnetic ficld. Az thoe cress seciion
uccrcnScs. siectrens with higher energy wonld het
be confinad in the are colusn Lo oscillate belseok
upper Jﬂd tower cuthodes thus lose their sontriby-
tion in the lon production process. Molher resson
is the rezractation of arc colwsm from extract ion
slit. The Penning mode beam curreat is centinuously
"adjustabie at a given fixed deo veltage by adjusting
arc voltage, gas flow and axial angle. The ranpe
of beam current depends strongly on the fype of
pdrtlalu. For protons and desteroens, fron a fow
picoamperes te 2 fow humired sloreanpoeres can by
obtained. For Mo and Mie *7, the
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tated clockuise,  Further rotation uwould turn
nru into Penning wode or jero arc current 5:xy
Apain, incressing gas MNow wili allow the arc
exist at a !&xger axial angle but the saximoes cutedy
angle is about 3 degrees.  The improvemenl of bean
current using low thermionic xre was small, onlw

20 e 3 acrcent over the aoreal output at ero
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 tnterant Ne - 3 ’
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X ! i eree Ut is the mavieus outpul when non-
3 ; rodaticnal unit sas used in o the past. Curve '
G Foo ts the routiacly available bean current usiag
- / z configaration of Fig. 1., As o comparisen, curve 'A\°
R / N . represents the beam output achisved when contigu-
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» B e verte it » We have observed some dilferences in gas fiow
) dependence characteristics between different  gasces
when high are power and high are pover density is
Fig. 6 3¢*2 heam currents as a function of used,  dhere is oa very slight ieprovement for
rf dee voltage. protons aml dewterons.  For doubly churged e and
He, however, the improvement is sipnificant. This
Curve Arc Power Power Density is shown in Fig., 7 for SHe case. At a gas flow of
’ — aboul 3 c.c¢./min., the beam current Jdocs not show
A (Fig.2) 1 i 194 K/ emd much increase before 3 degrees, then gaius-about '
200°% from 3 to 5 degrees. At a gas flow of 2 ec/min
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B (Fig.1) v 1344 Lu/cwmd the vate of beam curvent increase due to power
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density change is much stronger, Tie tolal improve-
I 1 ki 6 LiZem® ment is up to 6005,
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Fig. 7. Relative beam current output as a
function of gas flow and arc power
density.  Data were obtained with
high thermioni¢ mode: 200 v, 5 A,

Another way to look at this dependence is to
examine the ion output vs. gas flow at a given are
power density. Fig. 7 shows that at low powver
density of 6 kW/cm?, the gas flow is not an impor-
tant parameter. liowever, at high power density of
144 kW/cm3, the beam current is a rapid function of
the gas flow used. Four the yicld of highly charged
heavy ions, similar rcesults have been pointed out
by Bennett (19, data of Pasyul), Mallory(6}, Kohno
(15) and Miyazawa(14).
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Discussion

The results we obtained here showed that
higher ion production can be achicved by increasing
the arc power density without adding more total arc
power provided that the ion source is operated at
certain power level, For the four types of parti-
cles which can be accelerated with our compact
cyclotron, the improvement is only slight for
pretons,about 150% for deuterons, but 400% for “He**
and 600 % For “le**. The axial rotation methed we
ased is very much structure dependent. By using the
thiree power stages of the ion source controls and
the rotational technique, the beam currents can be
continucously adjusted over a wide range at a fixed
dee voltuge., Thus one obtains both the advantuge
of high current output of a P.1.G. source and the
controllability of small output of & filament
source, In addition, the problem of critical align-
ment of ion source is resolved.

The reason as to why our high current arc
{ 5SA ) can exist inanextremely small ion column
is that at low cmission potential ( 200 V ) and
strony magnetic field ( 16 kG ), the diameter of
the helical path of the oscillating electrons will
he very small, about 0.5 mm. Thesce helical
¢lectron paths are initially cvenly distributed
over the cross section of the anode chamber. As
the ion colurn is tighten up by mechanical means,
the electrons emitted at that instunt crowd into
cach other forming a colvpn of electrons with very
closely overlapped helical paths. Microscopic
examination on a lightly burned cathode indicated
that there was a small hill at the center of the
burn mark and the erosion was a ring with outside
diameter of just about 0.5 nmm.
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The fact that ion vield wprohability increuases
as arc power 15 increased has been a common obser-
vation. llowever, arc power density has not been
selected as a distinctive ion source parameter.
Evidence of this report shows that ion yiceld can
be increased with higher power density cven if the
total arc power is reduced. Whetier this scheme
would help improve the ratio of high chuarged to
low charged states is of interest and is vet to be
explored.
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