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Abstract

Various kinds of broad beam ion sour-
ces have been develoved for space applica-
tions. Recently, they are also used for
ground base application. In this paper a
6 em diameter cusp field ion source which
is specially designed for assistant depo-
sition is described. The design and the

sults of performance tests are present-
ed. It is shown that by means of matching
the narameters a good performance cén be
obtained with this source.In the range of
low enerzy the beam enerzy could be as
low 23 50 ev with 20 mA extracting cur-
rent and 0.91 beam profile flatness para-
meter. It is very siutable for agsistant
deposition. In the range of extracted
voliaze from 1000 %o 1300 v & focusing-
like kteam with beam current density es
hizh es 4.2 mA/cmzcan be creeted and it
cen he used for sputtering deposition.

1. Introduction

Since the ion sources used for
zround base applications & greet pro-
gress has beenmade in the ranges of mate-
rial moiification, opticel assistant de-
nosition, biologicel application etec.
Ontical deposition requires good film ad-
hesion , high trensmission and uniform
deposited film. It is neccessry to
have & ion source which has uniform beem
current density profile with hizher beam
current at low energy. Such ion source
zood film without demeging the
This paper introduces a high

cen meice a
substrete.
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performance 6 cm diameter ion source,its
design and performence. The factors ef-
fecting the flatness of beem profile have
been elso investigated. It is shovm that
the flatness of exhaust beam profile can
be varied in 2 wide range due to chang-
ing the beam current and extracted vol-
tage. So this ion source can be & versa-
tile ion source —— at lower energy and
beem current it is very suitable for as-
gistant deposition and at high energy
and beam current it also cen be used for
sputtering deposition without special
focusing-grid.

2. Construction and apoeratus

Schemetic of ion source is shown in
Fiz. 1. The outer diameter of cylindric
discharge chamber is 94 mm. It is mede
of stainless steel and consists of two
parts, the front and the rear cylinders.
A middle annular plate éeperates them.

6 mm diameter AlNiCo permenent megnet
bars are set uniformly on the outer pe-
riphery of the discharge chamber. The
magnetic circuit consists of rear catho-
de support, rear pole piece,middle plate
and grid support. They are all made of
mild iron. Both screen-grid and accele-
rator are made of molybdenum and have 0.4
mm in thickness. The diesmeter of exheust
ion beam is 60 mm. There are 1908 holes
on both grids. The diameter of screen-
grid holes end accelerator holes are 1
mm end 0.8 mm, respectively. The holes
are arranged in equileterzl triangle.
The center distance between two holes

ig 1.3 mm. The specing between two zgrids
is 1 mm. The anode consists of two

the frorn*t and the rear anodes.
The front one is a thin cylinder and the
reer one is an annular plate with a lot
of small holes through which agron geas
is introduced into chamber axially and
uniformly. The flow rate is controlled
by & needle valve. The cathode and neu-

parts,



tralizer are all made of tungsten wires.
There are two cathode filaments. When one
of them is broken the another one can be
reset on in working condition for exten-
ding the continuous lifetime of the ion
source. The cathode assemble can be in-
serted into the discharge chamber from
rear end of the ion source.So it is very
convenient for changing the cathode fila-
ment. The whole ion source is put into a
cylinder which is 110 mm in length and 94
mm in diameter. This ion source can work
without water-cooling.
The vaccum chamber used for experi-

ments is 400 mm in diemeter and 460 mm

in height. The pressure was 2x10~4 torr
The density and flat-
ness of exhaust ion beam were measured
with a moveble Faraday probe which loca-
ted a2t 195 mm dowvnstream of the accele-
rator. The magnetic field strength and

ts distribution in the discharge cham-
ver are measured by Gaussmeter and ion
filings maps.

during operation.

The performence tests
of ion source

l.

Due to the larger anode areas and
imnroved megnetic field distribution
this ion source has wide ranges of ener-
gy end ion beam current and has good per-
formence &t low energy. The results of
performance tests show (1) The energy
of extracted ions ranges in 50-1300 ev,
(2) 7uite high beam current can be ob-
tained at low energy with stable opera-
tion and hish beam profile fletness.
Pizure 2 shows the ion beeam profile ob-
24 mA of beam cur.
rent vas obtained at screen-grid poten-
tiel of 20 v, discharse voltage of 30 v
and accelerator potential of 365 v.
r (T)

ed eccording to eguation(1)

sained 2t low energy.

The
team currsnt flatness paramete
wkich celculat

i3 0.91.

jxnrJ(r\dr
(1)
ZIR

7{r) is the current density at
the redisl coordinate r, Jpex is the

where
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meximun current densi
R is the beam radius.

The date for calculating the beam
flatness parameter was measured in the
beam gspot of 100 mm diameter at a dis-
tance of 195 mm dovmstream of the acce-
lerator grid. (3) A focusing-like beam
can be created at high extracted voltage
and beem current at same location. Figu-
re 3 shows the beam profile at extracted
voltage of 1000 v,beam current of 130 mi,
discharge voltage of 43 v and accelerator
voltage of 200 v. Its highest beam den-
sity is 4.2 mA/cmz. Therefore it cen be
used for sputtering coating. (4)The dis-
charge losses are different et different
operation parameters. The lowest one is
545 ev/ion. At lower energy the discharge
losses are more then 1000 ev/ion, but for
ground base application it is not a very
important factor.

For optimizing the ion source design
the experiments to determine the effects
of magnetic field on ion source nerfor-
mence were conducted. The masnet bars
which are set on the outer periphery of
the discharge chamber consist of two
groups, the front and the rear. The mag-
natic f£ield strength of each bar wes not
the same, but each bar had the field
strength of about 1000 geauss. By means of
changing the numbers of the mesnet bers,
from 3 to 6 bars it is shown that the ion
gource performence was improved with in-
creaging the numbers of bars,e.t. the dis-
charge loss decreased. The ion source
performance changed with the numbers of
bars is showm in Fig.4. Simultaneously,
the beam flatness elso increased a lit-
tle with increasing the numbers of bars
as it is shown in the Fig. 5.The ion fi-
lings meps for 3 end 5 bars are shovm in
the Tig 6 (a)and 5 (b), resnectively.

But when the six bars were used the dis-
charge voltage must he increesed for
meinteining the arc digcharse.it the zrid
potential of 300V for the ion source with
5 bars the discharge voltaze must be high-
er then 30 v. From that it is obvious
that megnetic field strength shouldn?’t
ve too high for a given ion source and

ty in the beam and

there must be & optimum value
such a compromise tetween th

which is’
velue desi-



red for primery electron containment and
thet desired for llaxwellian electron es-
cepe to the anode.”

4. Tactors effectinz on the
uniformity of beam profile

In order to obtain more uniform beam
profile the factors which effect the beam
profile pletness were determinated expe-
rimentelly. The results showed: (1) The
beem profile flatness increased with in-
creasing the accelerator grid potential
( Ve ) (see Fig. 7 ) But the density of
team current decreagsed. It is due to in-
creese of divergent angle. (2) The beam
current profile flatness decreased with
increasing the beam (Iy), screen-grid po-

tential (Vp) and discharge voltage (V3)

(gee Fig. 8,9,10 ). It is, maybe, due to
a increase in the double ion component of
the beeam current, because the double ion
density profile is much more nonuniform
than the singzle ion density profile.3

It is indicated in ref. 1 that the
discharge chamber length to diameter ra-
tio is shown to be an important optimiza-
tion parameter. 5o the tests with two ion
source having same megnetic field
gtrength, but different length to diame-
ter ratio were done. The results are
shovn in Fig. 11. The beam profile flat-
ness increased slightly with decreasing
tho-lengzth to diameter ratio (/D) from

0.55 to 0.55. The reason is ,maybe, that
smell amount of double ions is not in-
21ueonced the beam profile strongly.

5, Conclutions

A 6 cm diemeter ion source for assis-
+ant deposition waes designed and tested.
Ttz experimental results showed that the
performance of this ion source is impro-
ved with increasing the apnplied megnetic
field. But when the applied magnetic
field is too strong the arc discharge
tecomes unsteble.It is indicated that
the beam profile flainess increcsed with
increesing the esccelersfor grid pofential
and epplied magnetic field end decreased
with increazinz the beam current, screen
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gzrid potential and discherge voltaze.

The effect of the ratio of diameter on
the besm profile flatness is not very
obvious. The experimentel results have
demonstrated that the design of this ion
source was successful. By means of match-
ing the performance parameters the high
beam current profile flatness can be ob-
tained 2t low energy and low beam current.
It is very siutable for assistant deposi--
tion. At high extracted voltage and high
beam current focusing-like beam can be
created and can be used for sputtering.

So this ion source is & versatile source
with good performance and simple configu-
retion. Recently, this source has been
ugsed in optical assistant deposition and
setisfactory results have been obtained.
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1. Gas inlet. 2. Cylinder.
3« Rear pole piece. 4. Magnetic bar.
5« Rear anode. 6. Middle pole piece.
7. Cathodes 8. Front anode.
9« Discharge chamber. 10, Screen grid.

11. Accelerator grid. 12. Neutralizer.

Fig.1 Schematic of ion source
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Fige 2 Beam current density profile at low
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Fige 3 Beam current density profile at high
energy ( V= 1000 v, I, .130 ma,
V =-200 v, Vga 43 v )
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Fig. 4 Ion source performance with different
number of magnetic bars
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Fig. 5 Beam current density profile with dif=-
ferent numbers of magnet bars
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Fige 7 Beam current density profile with
different accelerator potential at
Vpe 500 v, Iy= 30 mA, Vg= 30 v.
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Fige 8 Beam current density profile with
different beam current at V=500 v,
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Fig. 10 Beam current density profile with
different discharge voltage at
Vp= 500 v,Iy= 30 mA, Va- ~500 v
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