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Abstract

Application of the multicusp source for lon Projection Lithography is described.
It is shown that the longitudinal energy spread of the positive ions at the extraction
aperture can be reduced by employing a magnetic filter. The advantages of using

volume-produced H™ ions for ion beam lithography is also discussed.

* This work was supported by the Advanced Lithography Group under CRADA
BG94-212(00) with Lawrence Berkeley Laboratory and the U.S. Department of
Energy Contract No. DE-AC03-765SF00098.



INTRODUCTION

lon Projection Lithography (IPL) aims at the possibilities of projecting sub-0.20
um patterns of a stencil mask onto a wafer substrate. In order to keep the chromatic
aberrations below 25 nm, an ion source which delivers a beam with an energy spread
of less than 3 eV is required. For this application, permanent-magnet multicusp plasma

generators are being considered.! These types of plasma sources are capable of
producing large volumes of uniform, quiescent and high-density plasmas with high
gas and electrical efficiencies. They are now being used in neutral beam injection
systems for fusion reactors, particle accelerators, jon implantation systems, neutron
tubes for oil-well logging and proton therapy machines. In this paper, schemes for
reducing the longitudinal energy spread of the accelerated ions are described. it has
been demonstrated that the use of a magnetic filter can improve both the concentration
of atomic hydrogen ion species in the extracted beam and the longitudinal energy
spread of the accelerated ions.

EXPERIMENTAL SETUP

Figure 1 is a schematic diagram of a typical multicusp ion source. The external
surface of the source chamber is surrounded by rows of permanent-magnets which
generate longitudinal line-cusp magnetic fields that can confine the primary ionizing
electrons very efficiently. One end of the chamber is terminated by an end flange which
is covered with rows of permanent magnets to complete the line-cusp arrangement.
The open end of the chamber is enclosed by a three-electrode extraction system. The
first or plasma electrode is maintained either at the anode potential or at the floating
potential. A steady-state helium plasma was produced by primary electrons emitted
from a set of tungsten filaments, and the entire chamber wall served as the anode for
the discharge.

Plasma density and potenital distributions were obtained with a moveable



Langmuir probe. The transverse ion temperature can be measured from the emittance

of the accelerated beam. A two-grid retarding field energy analyzer was used to study
the longitudinal energy spread of the positive ion species at the exit aperture of the ion
source. The ion species and the current of the extracted beam were measured by a
magnetic mass spectrometer and a Faraday cup respectively.

EXPERIMENTAL RESULTS

Figure 2 shows the radial plasma density profile for a 30-cm-diam source
chamber surrounded by 12 columns of permanent magnets. The plasma potential has
a similar radial distribution. Within the central uniform region, one can expect that the
transverse ion temperature is dominated by the thermal temperature of the ion
species. For a hydrogen discharge, the atomic hydrogen ion species has a transverse

temperature of about 1 eV while the molecular ions have a lower value.?

The axial or longitudinal plasma density and potential distributions have been

investigated in previous experiments.3 Figures 3 and 4 show the axial plasma

potential (Vp) distribution when the ion source is operated without and with a magnetic

filter.* The filter provides a limited region of transverse magnetic field, which is made

strong enough to prevent the energetic electrons in the “source” chamber from
crossing over into the “extraction” chamber, but is weak enough for some plasma to
diffuse into the extraction region.

Figure 3 is a plot of Vp as a function of the axial position when the source was
operated without the filter. The profile shows that Vp decreases monotonically
towards the plasma electrode. Positive ions formed on the left side of the maximum
can roll down and reach the extractor. Since the ions are generated at positions with
different plasma potential, they will have a spread on the axial energy when they arrive
at the extraction aperture. In the presence of a filter, the potential distribution is very
uniform in the discharge chamber region (Fig. 4). Since the majority of the positive
ions are generated in the source chamber region, they arrive at the plasma electrode
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with about the same energy. One therefore expects that the longitudinal energy spread
of the ions should be reduced.

A two-grid electrostatic energy analyzer was used to measured the longitudinal
energy spread of the ions at the exit aperture. The experimental arrangement is shown
in Fig. 5. The energy analyzer is positioned at the exit aperture. The first screen is
biased at a very negative potential (~ -90 V) to repell all the incoming electrons. A
voltage ramp is applied on the second screen to discriminate ions with various
energies. The last electrode collects all the incoming ions.

Figure 6 shows the results of the longitudinal energy spread measurement. The
total energy variation (spread of the longitudinal energy) is found to be about 7.5 eV
for the case without the filter and is reduced to approximately 4.5 eV when the filter is
installed. The reduction in the longitudinal energy spread by employing the magnetic
filter has also been observed in an external retarding energy analyzer after the beam

is accelerated to -5 keV.2

The filter offers several advantages for the multicusp ion source operation. In

addition to reducing the longitudinal energy spread of the positive ions, it can also
enhance the atomic ion species in the extracted beam when diatomic gases such as

Ho and Ny are used for the discharge.4 When the filter and discharge conditions are
optimized, an atomic hydregen ion fraction higher than 90% has been achieved. For
ion projection lithography applications, the axial position of the magnetic filter should
be properly adjusted so that the B-field of the filter will not interfere with the ion
extraction optics. Work is now in progress to measure the emittance, and therefore the
transverse energy of the extracted ions when the multicusp source is operated with
and without the filter. Results of these measurements will be reported in the near
future.

DISCUSSION

Apart from the filter arrangement, one can also reduce the longitudinal energy



spread by operating the multicusp source for volume H™ ion production. In a volume
production source, the H™ ions are formed by the dissociative attachment process.6 in

order to enhance the H~ yield by this process, a water-cooled permanent-magnet filter

is installed in the source chamber. The hydrogen molecules are excited to high
vibrational levels Ho(v") by the energetic primary electrons in the source chamber
region. As they migrate into the extraction chamber region, low energy (~1 eV)
electrons are attached to them and H- ions are formed according to the following
interaction:

1

e +Ho(v) > Hy ™ -> H +H

The filter-equipped multicusp generator arrangement provides the ideal source

configuration for the formation and extraction of volume-produced H™ ions. Since these

H" ions are mainly formed near the extraction aperture, they should have a much
smaller longitudinal energy spread than the positive ions. In addition, negative ions
impinging on the target will not generate high charging potentials. The accompanying
electrons in the extracted beam are easily removed by an E x B filter. We plan 10
measure the longitudinal energy spread of the H™ ions by using the IMS (lon

Microfabrication Systems GmbH)-type energy analyzer. Results of the findings will be
reported.
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Fiqure Captions

Fig. 1 Schematic diagram of the multicusp ion source.

Fig. 2 Radial plasma density profiles (for three different dischage currents) for a
30-cm-diam multicusp generator.

Fig. 3 Axial plasma potential profile of the multicusp source with no filter installed.

Fig. 4 Axial plasma potential profile of the multicusp source in the presence of a filter.

Fig. 5 Experimental setup for the longitudinal ion energy spread measurement.

Fig. 6 The energy analyzer output signal versus the applied ramp voltage when the
source is operated with and without the magnetic filter.
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Radial Plasma Density Profile for a 30-cm-diam Chamber
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