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In this paper, design and optimization for three diaphragm lens system were
done by using SIMION computer program. An oxygen ion beam of diameter 3 mm
with energy of 5 keV was extracted from an ion source and the ion beam entered the
lens system from a distance of 100 mm. Seven design parameters were identified as
variable parameters in the presence of space charge current of 0.1 mA. These
parameters are the separation between each electrode of the lens, the aperture diameter
of the outer electrodes of the lens system, the aperture diameter of the intermediate
electrode, the focusing points at different distances for singly charged oxygen ion
trajectories, the applied voltage to the intermediate electrode and the influence of space
charge on beam quality and also study of the influence of the mass for the different
elements has been investigated. Beam quality was significantly improved when the
applied voltage to the intermediate electrode was optimized and found at V, = - 4500
V, separation distance (gap between each electrode) = 20 mm, the aperture diameter of
the lens system = 40 mm and finally the best focused point was found at a distance of
550 mm from the end of the lens system.

Keywords: Oxygen ion trajectories, beam emittance and beam diameter, focusing
voltage and space charge.

INTRODUCTION

Computer analysis and design first came into effective use in electron and ion
optics in the early 1969s [1]. The development of computer programs was accompanied
by the need of more applications for such ion and electron instruments in various kinds
[2-4]. Simulation packages have become the world standard for particle physics
experiments. SIMION [5] is an electrostatic lens analysis and design program capable
of modeling charged particle optics problems in experiments covering many fields of
applications [6].

In this paper, design of the three diaphragm lens system has been done by using
SIMION computer program, where different parameters for this lens system have been
studied and investigated without and with space charge current of 0.1 mA.
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DESIGN OF THE THREE DIAPHRAGM LENS SYSTEM

This kind of lenses is used in particle accelerators, ion implantation and mass
spectrometers [7], [8]. If the voltage of an intermediate electrode (V,) is adjusted to be
out from the range of the voltages of the outer electrodes (V) to (V3), then we get a
‘Saddle field lenses’, because the potential distribution becomes saddle shaped, in
which the three potentials are different for the three electrodes, but the voltage of the
intermediate electrode is larger than the outer electrodes. The focal length of this lens is
shortened gradually as the potential (V,) of the intermediate electrode either increases
beyond (V3) or decreases below (V). When the potential of the two outer electrodes is
of the same value (V3 = V)), this type of electrostatic lenses is called an einzel lens. The
einzel lens with particle trajectories is shown in Fig la,b. A particle moving through
this lens at a given distance from the axis experiences first a defocusing force, then a
focusing force, then again a defocusing force. The net effect is always positive focusing
(converging lens). Because, the field between the two first electrodes is retarding, the
particle moves more slowly through of focusing forces than through the region of a
defocusing forces. Also, the particle on the average is farther away from the axis in the
focusing part and therefore experiences larger focusing forces. This lens system
consists of three electrodes with dimensions and lens system geometry assumed for the
SIMION calculations by contours as shown in Fig. 1a, b.
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Figure 1. (b) Lens system geometry assumed for the SIMION calculations by contours.

The simulation process was done with a space charge current of 0.1 mA for a
singly charged oxygen ion trajectories of diameter 3 mm with energy of 5 keV. The
first and third electrodes of the lens system were set each at zero volts. The applied
voltage to the second electrode of the lens system (intermediate electrode) was varied
from 0 to — 9 kV. Beam emittance and beam diameter were deduced downstream of 70
mm from the exit of the lens system. Influence of the focusing voltage on beam
emittance and beam diameter for the three diaphragm lens system has been studied,

(Fig. 2).

T T T T T
T F —EB—EIeamem'rHancex'iEIl i
e L = Be am diameter I
p— -1 10
E 5k m
a 3
54l 17 &
o ]
: i
c -
: o
+
.E =L E
E -4
2 1rF
-1z
ok
A 1 1 1 1 1 0
u] 2000 4000 E000 2000 140*

Applied wltage onthe intermediae eledtrode V)

Figure 2. Influence of the focusing voltage on both beam emittance and beam diameter for
three diaphragm lens system of singly charged oxygen ion trajectories with space charge current
of 0.1 mA.
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Minimum beam emittance and minimum beam diameter were found at a
focusing voltage applied to the second electrode (intermediate electrode) of the lens
system of -4500 and — 5500 V, respectively.

Beam emittance and beam diameter as a function of the diameter of the lens
system were investigated (Fig. 3). Minimum beam emittance was found at a diameter
of 40 mm and gap width of 20 mm. Minimum beam diameter for the three diaphragm
lens system was found at 20 mm, whereas an increase of the tube diameter was
accompanied by an increase of the beam diameter at a focusing voltage applied to the
intermediate electrode V, =-4500 V.
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Figure 3. Beam emittance and beam diameter as a function of the diameter of three diaphragm
lens system at V, =-4500 V, V, =- 5500 V, gap width = 20 mm and current = 0.1 mA.
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Figure 4. Beam emittance and beam diameter as a function of the diameter of the intermediate
electrode for the three diaphragm lens system at V, = - 4500 V, gap width = 20 mm and current
=0.1 mA.
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Beam emittance and beam diameter as a function of the diameter of the
intermediate electrode for the lens system were studied for singly charged oxygen ion
trajectories with a space charge current of 0.1 mA (Fig. 4). Minimum beam emittance
was found at a diameter of 40 mm and gap width of 20 mm. Minimum beam diameter
for the intermediate electrode of the three diaphragm lens system was found at 30 mm,
and at a focusing voltage applied to the intermediate electrode V, = - 4500 V.

Beam emittance and beam diameter as a function of the gap width were also
studied for the three diaphragm lens system (Fig.5). It was found that an increase of the
gap width is accompanied by an increase of the beam diameter, and minimum beam
diameter was found at a gap width of 10 mm for the lens system at a focusing voltage
V,=- 5500 V applied to the intermediate electrode and measured at 70 mm from the
end of the lens system and tube diameter = 40 mm. Minimum beam emittance for the
three diaphragm lens system was found at a gap width of 20 mm. It was found that the
optimum gap width is 20 mm, where at this gap; the ion beam envelope was best
passed through the focusing region (Fig. 5).
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Figure 5. Beam emittance and beam diameter as a function of the gap width for the three
diaphragm lens system at V, = - 4500 V for a singly charged oxygen ion trajectories with space
charge current of 0.1 mA.

Beam emittance and beam diameter as a function of the focusing points at
different distances for singly charged oxygen ion trajectories of the three diaphragm
lens system were investigated (Fig. 6). Minimum beam emittance was found
downstream of 550 mm for the lens system. Minimum beam diameter was found at 553
mm at a focusing voltage V, = - 5500 V and gap width = 20 mm and tube diameter =
40 mm.
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Figure 6. Beam emittance and beam diameter as a function of the focusing points measured
from the end of the three diaphragm lens systems.

In high current ion sources and in transport systems for protons or heavier ions
the repulsive force due to the space charge carried out by the beam itself plays an
important role for the design of the focusing system and for conservation of beam
emittance. The influence of space charge on both beam emittance and beam diameter
was studied for the three diaphragm lens system (Fig.7). Simulation process was done
as follows: the applied voltage to the intermediate electrode was set V, = - 4500 V,
while the voltage applied to the outer electrodes was zero volts. The gap between each
electrode was 20 mm and the diameter of the lens system = 40 mm, where at these
parameters, minimum beam emittance was obtained. It was found that; the space
charge has a large effect on the beam emittance at current higher than 10 A. Minimum
beam emittance for the lens system was found at a current of 10™ A, and started to have
a large effect at current higher than10” A. Minimum beam diameter was found at a
current of 10 A, and started to have a large effect at current higher than10~ A.
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Figure 7. Influence of space charge on both beam emittance and beam diameter
for three diaphragm lens system of singly charged oxygen ion trajectories.
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Influence of atomic masses of different elements on both the beam emittance
and beam diameter for the three diaphragm lens system was investigated with current
of 0.1 mA for singly charged oxygen ion trajectories (Fig.8). Minimum beam emittance
was obtained for nitrogen (m = 14). An increase of atomic mass for some elements
was accompanied by an increase of the beam diameter for three diaphragm lens system.
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Figure 8. Beam emittance and beam diameter as a function of atomic mass for different
elements of three diaphragm lens system of singly charged oxygen ion trajectories with space
charge current of 0.1 mA.

CONCLUSION

In this work, beam emittance and beam diameter were deduced downstream of
70 mm from the exit of the lens system. Beam emittance and beam diameter were
found at a focusing voltage applied to the second electrode (intermediate electrode) of
the lens system of V, = -4500 and — 5500 V, respectively. Minimum beam emittance
was found at a diameter of 40 mm and gap width of 20 mm. Minimum beam diameter
for the three diaphragm lens system was found at 20 mm, whereas an increase of the
tube diameter was accompanied by an increase of the beam diameter at a focusing
voltage applied to the intermediate electrode V, = - 4500 V. It was found that an
increase of the gap width is accompanied by an increase of the beam diameter, and
minimum beam diameter was found at a gap width of 10 mm for the lens system at a
focusing voltage V, = - 4500 V applied to the intermediate electrode and measured at
70 mm and tube diameter = 40 mm. It was found that the optimum gap width = 20 mm,
where at this gap; the ion beam envelope was best passed through the focusing region.
Minimum beam emittance was found downstream of 550 mm for the lens system,
whereas, minimum beam diameter was found at 553 mm at a focusing voltage V, = -
4500 V, gap width = 20 mm and tube diameter = 40 mm. It was found that; the space
charge has a large effect on the beam emittance at current higher than 10* A. Minimum
beam emittance for the lens system was found at a current of 10 A, and started to have
a large effect at current higher than10~ A. Minimum beam diameter was found at a
current of 10® A, and started to have a large effect at current higher than10™ A.
Minimum beam emittance has been obtained for nitrogen (m = 14). An increase of
atomic mass for elements was accompanied by an increase of the beam diameter for
three diaphragm lens system.
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