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Abstract

A 30-cm diameter argon ion source was evalu-
ated. Ion source beam currents up to 44 were ex-
tracted with ion energies ranging from 0.2 to 1.5
KeV. An ion eptics sealing relation wos developed
for predieting ion beam extraction capability as a
function of total extraction voltoge, gas type and_
gereen grid open arvea. Ignition and imission char-
acteristies of several hollow cathode geometrics
were asscssed for purpeses of defining discharpe
chamber and neutralizer cathodes. Also presented
are ion beam profile choracteristics which exhibit
broad beam capability well suited for ion beam
sputtering applications.

Intreduckion

Recenc studles ol el-ctrie propulsion systems
for orbit vaising and an orbit operation of large
apnce systems show potential advantages for employ—
ing large diameter lon thrusters using argon pro-
pellant. (1) Optimum design requirements imply
thruster beam and discharge chamber currents a few
factors higher than used in esnventional mercury

-lon thrusters.{2) Argon inn sources are also uged

for fon milling, surface texturing and spucter dep-
osition funcriens.(3:4) The development of broad-
beam capability fs fuportant for production proc-
esses involving fon beam milling or sputrer depo-—
sition.

Argon ion thruscers and fon beam sputtering
devices place different demands on component life-
time and source effiecfency. The lon thruster sys-—
tem will require gas and power efficiencies in ex-
cess of 30 percent along with component lifecimes of
at least 10,000 hours. Ien beam sputtering device
applications allow component lifetimes and order of
magnltude lower with easily replaceable components.
Power and gas e¢fficiency are important only as they
effect capital equipment (such as power supplies
and vacuum pumpa} and plece part preduction costs.

The purpose of this investigation is to devel-
ap & bread ion beam eputtering deviee and evalunte
potential components for large diameter argon ion
thrusters., A 30~cm diameter ion beam sputtering
device was tested wusing the most promising hollow
cathodes and ion optics. Bocumentation of the ion
beam profiles and eurrent density range 1s pre-
sented.,

Apyaratus and Procedure

A 3cction view of the 30-cm diameter ion source
is shown in figure 1. Majeor elements of the ion
source are the discharge chamber, ion aptics (screen
and accelerator grid), cathode and neutralizer. Ton
source tests focused primarily om ion beam extrac-
tien capability, cathode emission characreristics
and beant neutralization.

Ion Source Discharge Chambers

Four discharge chambers, deseribed by Table I,
were used in this sctudy. The discharge chambers
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varied in the design of the magnetie cireuit and
the anode configurations.  The basic magnecle cir-
cuit for discharge chambers A, B, end D was optim-
ized by Bechtel(3) for a mercury fon thrnster,
Discharge chamber € contained the vame pola pleces
as the other configurations cxcept the chamber
length was extended to 20.5 em in on attempt to
improve lon source gas efficiency:. Flectromagnets
were employed in all cases with the exception of
discharge chamber A which uvsed 14 permanent mag-
nets. A three turn magnotic barile coil nhiich wos
capable of varying dischurge chamber impudance was
also tested. A 7.5 em long wild steel rollar 1
(£ig. 1) was employed on all ion Bources. The col- o
lar shaped the magnetic f£ield lines =uch that tiey
intercept the anode, thereby providiag lower dis-
charge voltage operation, A S-cm diameter mile
steel baffle was used in all coses. All discharge
chagbers had eylindrical anodes whose length was
12 cm, Bischatge chambers B and U also employed o
rear anode which was mounted approximately in the
plane of the bafflo.

e

TR, 3 el

An 8-cm diameter ion source with a divergent
magnetic field and hollow cathode discharge was
used only to obtain lon eprics scaling daee. An
ion source of this type is deseribed in reference 6.

Ion Opties

The len opties used in this study are described i
in Toble T¥. ALl ion eoptics' grid plates were
photochemically etched Erom arc cast molybdenum.
The 30-cm diameter fon optics were dished away from
the diseharge chomber with a dish depth of 23 mm.
The grid plates were spaced at the edge using syn-
thetie mica and the grid to grid spacing at the
periphery was 0.620,08 tmm., The screen grid hole . i
pattern of ion optics 3 was sized down {(compensated)
by 0.2 to 0.3 percent relative to the accelerator
grid hole array. The compensation of the dished
ion opties will yield a more paraxial beam os dis-
cussed in reference 7. Screen and accelerator peid J\
hole patterns were matching (uncompensated} for all | R
other sets of ion opties. All thirvy centimeter
diameter lon optice tests were conducted with dis- 5
charge chamber C (Table I)}. - EBeaom currents up to i
4 A were extracted.

e

The 8 em diameter don optics (ion optics 5)
were dished towards the discharge chamber with a
dish depth of 2.5 mm,

Discharge Chamber Gathodes f

Discharge chamber cachodes were fabricated from
6.4 mm diameter tantalum tubes. A 1.3 mm thick
thoriated tungsten tip and a 1.7 e¢m ddameter radi-~
ation flange were electron beam welded to the end
of the tube. A porous tungsten eylindrical inscrt
(0.56 cm 0.d. x C.ZB ecm 1.d. % 2.5 cm long) impreg-
nated with bavium aluminate secved as a dispenser
of low work function material. The wusert was po-
sitioned against the eathode tip. The anly geo-
metrical parameter variled was the cathode top or-
ifice diameter. Orifice diameters employed were
0.76, 1.02, 1.52, 3.05 mm. The smallest orifice
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cathode had o 809 chamfer with a 0.5 mm long
throne, All other cathudes had straight through
orifices.

Discharge chamber cathodes were scarted by
applying A 3 kV, J npuec pulse to a probe locaced
2 mu from the Eace of the cothode tip, { Starting
conditions are sumsarized in Table 1II.

Hsptrniizgr Asgsemblies

Three neutralizer peometries were evoluated.
Neutralizer A (fig., 2) was comprisced of a tantalum
tube, heater, cathade insert impregnated with bar-
ium aluminate, cathode cdp with a 0.38 mm diameter
orifice and a keeper clectrode, Wentralizer B was'
identical to configuration A except the cathode
tip was removed, " Neutralizer C simply consisted of
tancalum tube, heater and aathode insert.

Ignition of neutrnlizers A and B was accomp—
lished after application of arpon flow, 45 wates
heater power and 400 volts to the keeper electrode.
After neutralizer ignition, the keeper current was
set at approximately 2 A, yielding keeper electrode
voltages from 9 to 15 V. Total neutralizer emig~
slon, which is the sum of keeper and besm currents,
ranged £rom 2 to 7 A,

Neutralizer ¢ escablished o discharge directly
to the benm plasma after the application of 90 wates
heater power and approximately 3 equivalent amperes

_argen £low. Prior to ignition. neurralizer poten—

tial floated a few hundred volcs negative with re-
gpect to ground.

Neutralizer A was positcioned 9 cm radially
from the last row of accelerator grid holes. Axial
position was approximately 9 ¢m downstream of the
screen pole piece. Figure 1 graphically defines
neutralizer position. Neutralizers B and € were
located approximately in the plane of the screen
pole piece. The radial station was 9 em from the
last row of acceleractor grid holes.

Neutyalizer A was used during the lon optics
and cathode investigations. Configurations B and
C were employed during lon source beam diagnostic
tesks.

faciliries, Power Supplies znd Feed System

Most ion source tests were conducted in a vae-
vum “facilisy which was 3 m in diameter by 5.8 m
long. Ion source beam diagnnsties were performed
in a vacuum chamber 1.5 m Iin diameter by 4.5 m
long. The pumping capabilicy of thege focilities
is shown In figure 3. Extremely high pumping
speeds ure required te adequately document perform—
ance of large diamever argon lon thrusters. For
example, the 3 m dismeter by 5.8 m long vacuum fa-
ciliey (fig. 3) consists of six high speed diffu-
sion pumps each with a pumping capacity of 50,000
liter per second at an operating pressure of 10-6
tort, Deleterdous effects due to high pressure op-
sration (»10~73 torr} with the ion source include
anomalously high aceelerator grid currents due to
charge exchange and discharge chamber ges ingestion
from the facilivy., Faedliey requirements for ien
beam sputtering devices are modest by comparison.
Vacuum chamber pressures as high as 103 torr may
be colerated.(ﬁg

Power ro the lon source was provided by the

saven supplies shown in figure 4. Steady state op-
eratiop of the fon wource fnvolves operation of five
power sypplics as shown in the figure.

The gus feed system provides open locp e itrol
of the gas flow vo the discharge chumber cathode,
the fon Eource chambor and nautralizer, Argrn fiow
rates were metared by hot tube anemometer £low-
meters which wers independently calibrated by s vol-
ume displacement mater. Approximately one equiva-
lent ampere of argon [lowed through the discharge
chamber cathode during steady state eperation, To*
tal argon flow rates genarally did not exceed eight
equivalent damperes.

Feed system high voltage lsolstion wag provided
by synthetic rubber tubing whese leapgth ranged from

50 to 100 cm.-

Results and Discussicn

Gas and power efficiency along with component
1iferime play an extremely important role in the de-
sign of Llon thrusters. Optimization of merecury ion
thrusters indicate that the desipgn of the magnetic
circuit and ion opries have first order effects on
power and gas efficiency, {(9,10) The {on source mag-
netie ¢ircuir wae optimized by Bechrel for mer-
cury operation. Eleckromagnets were used herein
since higher magnetic field strenpths were required
for efficient operation as beam current levels were
inerensed. 'The nssessment of the effects of don
cptics wes » bpsic pere of rthis investigation. The
selection of discharge chamber cathode designs was
based on the endurance test results of mercury hol-
low cathodes. (10) These studies indicate that in-
ereases in cachode orifice diameter and/or wathode
tube diameter are required with increases in dis-
charge current. The geometrical changes tend to
limit the amount of local sputtering and self heat-
tng along with providing a lower temperature en-
vironment for the dispenser of low work fumetion
material. Low discharge chamber voltages (35 to
50 V) nre desirable not only to limlt cathode self
heating but also to inhibit discharge chamber sput-
tering,

Ef ficliency and lifetime are less important as
far as ion beam sputtering devices are concerned.
Proper compenent selection and performence optimiza-
tion, however, will vield long life ion sources,
relatively simple power sources and possibly lower
outlay for capital equipment., The argon lon source
~peration is assessed by evaluating major components
(lon optics, cathode and newtralizer) for beam cur-
repts up to 4 A.

Tests were undertaken initially te evaluate the
ion extraction capabiliry of 30 cm and 8 em ion
sources using argon and xemon wich various grid
geometries. Next, the effects of ion opties on dig-
charge chamber performance were assessed using the
30 cm diameter argon ion source with a fixed die-
charge chamber design. Further tests were par-
formed to optimize the design of the discharge
chamber cathode and neutralizer nssemblies. Ton
beam characteristics were obtained from an ion
source speclfically assembled for lon beam sputter-
ing applications.

Ion Optics

Ton optics tests were performed using the
30 cm diameter fon source wilth discharge chanber €.
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Ko attempt wag made to optimize the discharge cham-
ber for caech swt of lon aptics. Teste were also
undertaken with the 8§ cm diameter ion source to
develop an ion opties scaling relacion.

- Ton Beawm Extroctios Limits - Severnl sets of
ion optics were evaluated to determine thelr beam
current extraction capability. Childs law for par-
allel ‘plates may be used to rélate the space charge
limited current to the minimum total extraction
voltoge for cingly ionized specles:

S 7 4
J.. ® constant ¢ AV 4

B ‘ﬁ; d2

where A 1s taken to be the screen grid npun araea
(em?): m is the pas atomic welght (amu}; J g 18
the beam current (A); AV d1s the minimum totnl ex—
tractfon voltoge {V} and - d 1s the effective iou
deecelerating distonee. The total extraction volt-
age is the sum of the absolute magnitudes of the
screen and accelerator grid velecages. The lom ac-
celerating distance (which was nor accurately
known) is treated as a constant in the ion opties
comparison, The value of the grid to grid epicing
a8 measured at the periphery was 0.0640.06% em for
all tests.

Figure 5 shows the variarien of the heam cur-

B -ﬁ. with mindmum total oxtrae—
A
tion volrage. The minimum total extraction veltage,
for each beam current parameter, is detetnined by
the knee in the curve when AV is plotted against
the accelerator grid current,{10) The Figure dia-
playa daf 3y from three different sets of fon optics
along with data from the 8 em fon source. Gases
inelude arpgon, xenon and mercury. The mercury lon
optics performance was taken from reference 9. The
data fall 4in a relatively narrow band allowing in—
terpolation for predicting ion source beam extrac—
tion limits, Searter in the data arises primarily
from the variation of the effective lon accelerat—
ing distance and the differences im the fon den-
sity profile upstream of the screen grid.

rent parameter, J

Wote that the beam current parameter increases
with AV move rapidly than that predicted by
Child's law. Effects that may produce devidtions
from Child's law such as variavion of ion acceler-
ating distance with beam current, wultiply charged
fons, and ilons with initial velocitdes are alluded
to in reference 11. The beam current pa’ auecer may
be related tp the total extractiom voltage by the
follewing relation: ’

J m
B\/_ -9 AV2‘25

=~ 5,7x10

+ 30 percent

where the peripheral grid spacing is 0.0640.00B cm.
This secaling relation way be wsed to cxtrapolate
ion source maximum beam current with total extrae-
tion voltage, gas type and sereen grid open area as
parameters.

Effect on Discharge Chamber Performance - Four
sets of ion optiecs (Table II) ware tested on ion

A ’ ...

gource C to deteomine thn effects of grid genzetry
on discharge chawber performance. Fipure 6 shows
the varintion of discharge chamber losses {discharge
encrpy per beam ion) with gos gfficiehcy‘ The per=
formance of ion optics 1 18 poor due te low pereer
grid vpen area and a thick sereen grid (0.51 mm)..
Ion opties 4 employs n thinner sereen grid (0,38 mn)
but the serecn grid open area fraction was also low
only 0.52. Ion optics 2 and 3 demonatrate the gains
in performance duc to higher screen grid open area,
Higheat performance was abrained with Lon optics 3
which had ths lowest deceleralior ...id open ares frac-
tion, 0.34. These vesults are similar to trends
found in mereury ian thrusters.(9)  The values of

_base lewil discharge chamber losses {190 eV/ion) are

also cowparable to results ebrained from well optim-
ized mercury lon thrusters.

In all tests Clow rates wore less than seven
equivalent amper~s of argon such that the effects
of vacuum ehamber gas ingestion would be less than
one percent of the total flowrate. Gains in gas
efficiency might be accomplished by refinements in
discharge chamber magnetic circuit along with op-
eration at higher magnetie ficld strengths. In
this investigation the magnetic field strenpth was
less chan optimum for beam currents in oxcess of
3 A due to power supply and thevmnl limitations of
the magnet wire insulation.

The effect of & deerease in aceelerator grid
open area on the discharge chamber Y-1 chavacter-
istic 18 shown in fipure 7. A decrease in acceler-
ator grid apen area fraction from 0,49 to 0.34 re-
sults in approximately a 6 V decroase in discharge
voltage over a rather wide range of discharge cur-
rent.

Inspection of ion oprics 3 revealed evidence
of erosion necar the centerline on the upstream
surface of the accelerator grid. This suggests that
for the discharge chamber geometry and screen grid
geometyries used, the sccelerator grid hole dinmacter
18 neor the minimum for beam currents excecding 4A.

Discharpe Chamber Cathode Performance

Cathode Starting - Cathodes were stacrted by
the application of 2 ro 3 %V pulse te a molybdenum
probe located 2 sm from the cathode tip, After the
breakdown the dischorpge coupled directly to the
anode. A cathode heater was not reguired. Table
III lists the starting conditions for cathodes with
erifice diameters of 0.76, 1.52, and 3.05 smn.
Cathode starting wis accomplighed at lower flow
rates with the small orifice designs. Cathodes were
tested for periods enly up te 200 hours, thug a
losp term assessment of cathode starting capability
wag not made, '

Cathode Charactewrdstics - A 30 cm dismeter acr-
gt ton beam sputtering deviece requires discharge
eutrents in the range 10 to 15 A. It is anticipated
that argon ion thruster discharge current require—
ments will be considerably higher than 15 A.  Be-
cause of power supply and facility limicatiens,
cathode emission characteristics were documented
anly nver a 10 to 25 A raage.

The cathode geometries were ncarly identical
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to thgne used on 30 en dimmeter mercury loa thrust-
ers. (2} The only variahle was cathode orifice di-
amater. Ag mentioned carlier, a signlficant amount
of data exist eoncerning hollow cathode 1lifetime
psegssment . Cathode erosion raves may be adequat-—
ely correlated with discharge current level and
cothode ovifice dismeter,(10,12) It was desired to
obtain a cathode that exhibited the following:

cease of ptarting, low thermel loading due to dis~
charge self heating, stability during a high volt=-
age cfacyele and an acceptable V=T charncrteristic
for discharge currents from 10 to 25 A.

Figure 8 illustrates the varinticn of dis-
charpe voleage with discharpe chamber mapgnetic
fleld acrength for cothodes with orifice dlamutess *
of 0.756 and 1.52 mm, The smoller orjfice cathode
generally exhibited high diacharge veltage for cur-
rents from 10 te 20 A at magnetie field strenpths
necessary to obtain discharge chamber losses less
ek 250 eV/ion,

Figure 9 shows the V-1 characteristice of dis~
charge chamber Db cmploying cothodes with orifice
diameters of 0.76 ond 1,02 mm. The smaller orifice
cathode ylclds lower beam current and higher dis-
charge voltage operation for a fixed discharge cur-
rent. High discharge voltage operation at low dis-
charge currents dees not lend 1tself well to high
voltapge recyele techniques which involve cutback of
the discharge current. In this type of vecycle,
the discharge became unstable and soumetimes ex~
tinguished, High voltage recycle sequences that
reduce the electromagnet current, however, are ef-
Eective.

The cathode with the 0.76 mm diameter orifice
showed evidence of relutively high discharge self
heaving and sputter erosion. Such evidence in-
cludes visual observation of high cathade brighe-
ness and also thermal distortion of cthe 0.25 mm
cathode tube wall. Enlargement of the cathede or-
ifice by approximately 0.13 mm over a perlod of
200 hours wasg observed.

Larger orifice cathodes were investigated us-
ing discharge chambers A and B. Figure 10 shows
the discharge V-I characteristics of cathodes with
1,52 and 3,05 unm diometer orifices. Discharge
chamber A characteristics indicate that by using
the larger orifice cathode there is approximately a
5 V reduction in discharge voltage at 20 A discharge
cutrent and lower discharge chamber lesses. HNote,
however, that further reductions in discharge volr-
age wpay be obtained by employing a rear anode (dis—-
charge chamber B). The long collar (fig. 1) tends
to shunt the magnetle circult and apparently pro-
vide a large electron interaction regicn and allow
electrans easy accesg to the anodes. The cathode
with the 1.52 mm diameter orifice demonstrated best
overall performance for the discharge chambers used
in this fnvescipation. No measurable cathode or—
1fice erosion {<0.02 mm) wasg detected after 150
hours of operation.

Neutralizer Performance

A neutralizer iy required for all ion rhruster
applications te avold beam or spacectaft charge
bufld=-up. For some ion beam sputtering applica-
tions the neutralizer may be deleted if Jon encr-
gles exceed 1000 ¢V and there exists an adequate
ground return cireuit. For lon energles less than
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500 eV an active neutralizer was required to pre-
vent cycling of screen and accelerator grid veli-
ages,

Neutrallzer cathode A (fig. 2) 45 similnr in
peometyy to those employed In mercury lon thrusters
where 4 A total emissien is required. The argon
neucrnlir+s yiffers, however, since an enclosed
keerer clectrode configurntion is necessory to pro-
vide high gas pressure for ease of ignition.

The procedure for dgniting and establishing a
plasma bridpe to the lon beam for three different
neutralizer assemblios has been described carlier.
Beam neutralization ability of ecach configuration
was algo addressed. A measure of the neutralization
capability is the system floating voltage and flow
rate requirements. System floating veltage is the
?o;gntinl difference between neucralizer and ground

fig. 4).

Beam neutralization capability of configura-
tiens A, B, and € 15 shown in figure 11, For beam
currents between 2 and 2.5 A the {loating veltage
could be maintained below 30 V with less than 1.0
equivalent amperes argon flow rate. With the ap-
plication of cuathode heater power, lower levels of
floating veliage are nttained, Eonhanced electron
emission oceurred with the application of cathod:
heater power for all newtrallizer confipurations.
This effect, which 15 important at low emission
currents, is best shown by neutralizer C whose total
erigslon current is 2A versus 4 A for neetralizers
A ond 3.

Neutrnlizers B and € yleld operation at lower
levels of fleating voltage., However, the data for
neutralizers B and € were taken at 2 versus 2.5 A
besm current for neutralizer A,  As beam current
levels increase, the neutralizer cathode self heat-
ing incereapes, the heater plays a lesser role and
iigher arpon flow rates are required to maintain a
given floacing voltage.

Neutralizer € which 15 simply composed of a
tantalum tube, insert and heater operates effceviv-
ely at Elow rates as low as 200 equivalent mA of
argon., The plasma bridge reestablishes after high
voltapge recycle withour the nid of additional heat-
er power.

Since each neutralizer assembly was tested for
periods of 200 hours or less, o lifctime assessment
wits not made. Neutralizer A, however, showed ov-
idence of embrittlement of the tantalum tube. This
was pessibly due to a tantalum—alumina reaetion at
high temperature. Neuwtralizers A and 3 also
showed some discoryiecn of the keeper electrode or—
ifice after long term opasration.

For ion heam sputtering devices, neutralizer C
appenrs to be the best candidate becsuse of design
simplicity and ease of replacement.

Ion Source Beam Characteristicsg

One of the major objectives of this study was
to develop a broad beam lon source for ilon machin-
ing and sputter deposition applications. An lon
source wius assembled using discharge chamber D, ion
optics 3, a discharge chamber cathade with 2 1.52
om diameter orifice and neutralizer B. Ton beam
gurveys were made with a negatively biased planar
prebe, Distance from the ion aoptics to the beam
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Figuru 12 ahoua the vnrianion of beum current
density (center of the ion spurce) for various
beam cucrents and bemm cnergies. The ion source
current density ronged from 0.4.to ] mA/cn? ot beam
energies from 200 to 1500 eV. " The lon source oper-
atdng envelop wos limited by the pbereen power sup-
ply whose maximum output was 2.2 kW,

Figura 13 shows radisl surveys at low and high
beam current density at beam encrgles of 200 to
300 eV, respectively., At low current densities the
beam exhibits a relatively £lat profils over a
25 em diameter. . .The profile bcccmea bell shnpud at.,
higher current densities,

The effect of beam energy on the shape of the
beam profile i shown in figure 14. At higher en-
ergies the beam profile exhibits higher centerline
current denslties. This ecffecr is probably due to
the variation in the ratio of net to total accel-
erating voltage, vedistribution of fon current den~
sity upstreowm of the écreen grid or enhancement of
jeconddry electron emission at the probe. At a

beam energy. of 500 V che beam current densicy varies-

by approximately 13 percent over s reglon 25 cm in
diameter. Further gains in fon beam uniformiry
might be wade by magnetls eircuit optimization along
with lon optles corrective grid misalinement.

Canclusions

Ion optics, eathodes and neutralizers for a
30 em diameter argon ion source were evaluated.
Significant teat vesults are ag follows:

1, An don optics sealing relatcion was devel-
oped for predicting ion source beam extraction cap-
ability., The don optics parametric datn was gen-
orated vsing 30 cm and 8 em diameger fon sources
with argon and xenon gases. Mercury ion source data
wias also included. The scaling relation may he
used to extrapolate lon source maximem beam current
with total extraction voltage, gne type and screen
grid open area as parameters.

2. Using don opeles with screen and accelera=-
tor grid open area fractiens of 0.67 and 0.34, re-
spectively, resulted in highest discharge chamber
performance. Minimum discharge chamber losses
were 180 eV/ion with maximum gas efficieney in ex-
cess of 0.70.

3. A 6.4 mn diameter cathode with 2 1,52 mm
diameter orifice exhibited the best overall perform—
anee which inecluded ease of srarcing, low discharge
voltage operation and extended lifetime for dis-
charge chamber currents from 10 to 25 A.

4. A neutralizer consisting of a 6.4 wm diam-
ecer tantalum tube, a porous tungsten bariated in-
sert amnd a heater operated effectively at a beam
current of 2 A with an argon flow rate as low as
200 equivalent mh.

An ion source was assembled and tested for pur-
poses of ion beam sputtering applications. The lon
source current density ranged from 0.4 ro 3 mA/em?
at beam energles from 200 to 1500 eV. At a heam
energy of 500 eV, the beam uniformity was #13 per-
cent over 2 reglon 25 em in diameter at a distance
15 em downstream of the ion oprics.
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] ’ TABLE I. — DISCHARGE CHAMBER DESCRIPTION (BASIC DESIGN: REF, 5) f
Ion |Mapnet{ Number Hagnet Range of Bz | Distance from {Rear
source; cype |of maghets)eurrent,| from boffle te |baffle to plane|anode
A plane of gerecen, of gerecn
pole piece, pele piece,
gauss cm
A B 14 A 20-4 10 Ne
B EM 25 15 40-10 10 Yes
10 29-7
c B 26 15 J4-2 18 Yen
10 27-1
i) EM 25 10 29-7 10 He

HA:  Rot apply.

TABLE IT, - ION OPTICS GEOMETRY

e

| i
; 4
o
ﬁ Ion Hole diam., mm (Orid thickness, mm[Jpen area fraccion| bish f
ki r~ optics depth, -
: - mm S
?: 008 §/Npia.,} Sercen jAccelerator | Sereen ticeelerator |Screen JAccelerator 4
i 1 em
K= 130 | 1.57 | 1.57 0.51 | o.51 0.46 | 0.46 23
2 130 1.93 1.62 .38 .51 69 A0 23
3|30 i.91 1.37 .38 .51 .67 .34 23
4 30 1.32 1.32 38 .38 .52 .52 23
5 8 L.97 0.89-0. 64 .38 .38 725 —— 2.5

TABLE 1TI. - HOLLOW CATHOPE STARTING CHARACTERISTICS FOR ARGON

Cathade Cathode Cathode Starting |[Main [Cathade
type orifice diam.,|heater power, voltage flow, | fiow,
mo W eq. Al eq. A

3 Main cathode 0.76 4] 2~3 kV pulge| = 1-4.5
7 Main cachade 1,52 0 2-3 kV pulse| 5 5~15
3 Maln cathede 3.05 0 2-3 k¥ pulse{ 5 10-15
¥ Newtralizer A .38 45 400 v NA 1-5
i Neutrpalizer B 2.8 45 400 v NA 1-5
Heutralizer © 2.8 20 NA NA |2.5-3.5

HA: Not apply.
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Figure 1. - Section view of 30 centimeter diameter ion source.
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Figure 4, - Schematic of power supplies.
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BEAM CURRENT PARAMETER, Jg¥m/A, ampy/an

SYMBOL ION SOURCE DIA. [ON OPTICS
o) 30 CM 4
0 30 CM 2
D 30 CM 3
" o) 8 CM 5
10— 0 30 CM (REF. 9) 2
— o // /
: dD 42 SLOPE
/ E;( ‘
- g /
1 p. F /’
/ ;?j Y,
/% /
1072 — / //'
L / /
e / 7
- OPEN SYMBOL ~ ARGON
/ CLOSED SYMBOL XENCN
- HATCH SYiM50L  MERCURY
%1073 Lo Lol L1
x10? 10 a0t

ey ——

MINIMUM TOTAL EXTRACTION VOLTAGE, V

Figure 5. - Gas icn source ion optics characteristics.
Grid to grid spacing at perimeter: = 0.6 mm; A:
screen grid open area, in: gas atomic weight.
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BEAM CURRENT, A

DISCHARGE VOLT-

Al :E'

SYMBOL DISCHARGE CATHODE
CHAMBER  ORIFICE
DIAM.,
mm
C A 1.52
O A 3.05
a0l » B 1.52
3.5~
3.0+
|
S S| ! WSS SN N— -
35 [ I I
b 14 6 18 20 22 24 26

DISCHARGE CURRENT, A

Figure 10. - Discharge chamber performance with large
cathode orifice diameter. lon optics 3; argon flowrate:
6.1 equivalent A.

EPRODUCIBILITY O

INAL PAGE IS



V,-8917

FLOATING VOLTAGE, V
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(c) NEUTRALIZER C, Jg = 2.0A.

Figure 11. - Argon neutralizer characteristic for thice
cathode configurations; beam energy, 1000 eV.
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Figure 12. - Variation of centerline beam current densily
at various beam current and beam energies. Distance
from beam probe to ion optics: 15¢cm.

SYMBOL BEAM ENERGY, BEAM CURRENT,

eV A
o 200 0.3
- 500 2.00
/ /——_In.\
N
// \
— ,/ \
/ \
/
| /I \\
/ \
/ \
/ \
Z 1 [
Qso 20 10 0 10 20 3

RADIAL DISTANCE, cm

Figure 13. - Argon ion source beam profiles at different
beam power levels. Beam probe-ion cptics separation:
15c¢m, ratio of net to total extraction voltage, 0.5.
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Figure 14. - Argon ion source beam profiles for various
beam energies. Beam probe-ion optics separation:
15cm, beam current, 1.5 1.6A.
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