CL.fl/U~&G>

-f^-^JX-tri)

c

touWSifiix6» j
LBL-37245
UC-404

Lawrence Berkeley Laboratory
UNIVERSITY OF CALIFORNIA

Accelerator & Fusion
Research Division
Presented at the 6th International Conference on Ion Sources,
Whistler, B.C., Canada, September 10-16,1995, and to be
published in the Proceedings

Beam Emiitance Measurements on Multicusp
Ion Sources

^n'^
• , , -j
:

r\ _

^

M. Sarstedt, Y. Lee, K.N. Leung, L.T. Perkins, D.S. Pickard,
M. Weber, and MJD. Williams
August 1995

Prepared for the U.S. Department of Energ; under Contract Number DE-AC03-76SF00098

DISCLAIMER
This document was prepared as an account of work sponsored by the
United States Government. While this document is believed to contain
correct information, neither the United States Government nor any
agency thereof, nor The Regents of the University of California, nor any
of their employees, makes any warranty, express or implied, or assumes
any Jegal responsibilily for the accuracy, completeness, or usefulness of
any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or
service by its trade name, trademark, manufacturer, or otherwise, does
not necessarily constitute or imply its endorsement, recommendation,
or favoring by the United States Government or any agency thereof, or
The Regents of the University of California. The views and opinions of
authors expressed herein do not necessarily staxe or renect those of the
United States Government or any agency thereof, or The Regents of the
University of California.

Lawrence Berkeley National Laboratory
is an equal opportunity employer.

LBL-37245
UC-404

Beam Emittance Measurements on Multicusp Ion Sources

M. Sarstedt, Y. Lee, K.N. Leung, L.T. Perkins,
D.S. Pickard, M. Weber, and M.0. Williams
Accelerator and Fusion Research Division
Lawrence Berkeley National Laboratory
University of California
Berkeley, California 94720

August 1995

This work was supported by the Advanced Lithography Group under CRADA BG94-212(00) with Lawrence
Berkeley National Laboratory and the U.S. Department of Energy under Contract No. DE-AC03-76SF00098.

HH
W5TRIBUTION OF THIS DOCUMENT IS UNLIMITED

MASTER

Submitted to: 6th International Conference on Ion Sources,
10-16 September 1995, Whistler, BC, Canada

LBL - 37245
UC - 404

Beam Emittance Measurements on Multicusp Ion Sources *
M Sarstedt. Y. Lee, K. N. Leung, L. T. Perkins, D. S. Pickard, M. Weber, M. D. Williams
Lawrence Berkeley National Laboratory
University of California
Berkeley, CA 94720
Abstract:

Multicusp ion sources are used for various applications. Presently, the implemen
tation of this type of ion source is planned for the development of an ion beam li
thography machine, which will be used for the projection of sub-0.2 u,m patterns
onto a wafer substrate. Since, for this application, a very good beam quality and a
small ion energy spread are required, emittance measurements have been performed
on a multicusp ion source for various source conditions. It is shown that the installa
tion of proper capacitors between the extraction electrodes is necessary to avoid rfpickup, which otherwise leads to a distortion of the beam emittance. The influence of
the magnetic filter field on the beam emittance has been investigated, and the beam
emittance of a dc filament-discharge plasma has also been compared to that of an rfgenerated plasma.
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1.

Introduction

For the production of microelectronics devices a lithography step is needed for
the projection of structures onto a wafer. The presently used optical lithography is
limited in its resolution capabilities and work is being done to find a substitute for it.
Therefore, the Advanced Lithography Group (ALG) is currently developing an Ion
Projection Lithography machine (IPL) [1], which uses a multicusp source for the ion
p oduction.
In multicusp sources, plasma confinement is achieved by a number of cuspmagnets placed around the plasma chamber. The polarity of the magnets is alter
nated, so that the magnetic field screens off a major part of the chamber walls, thus
reducing the loss of primary electrons in the radial direction. For plasma generation,
either a filament-discharge or rf-induction discharge can be used [2]. The multicusp
sources used at LBNL usually have the option of placing permanent magnets, acting
as a magnetic filter for high-energy ionizing electrons, inside the source chamber
near the extraction area [3]. Fig. 1 shows a schematic of such an rf-driven multicusp
ion source with a magnetic filter in front of the extraction system, dividing the
source chamber into a plasma generation region and an extraction region.
In this experiment, we have measured the emittance of a beam generated in such
a multicusp ion source. For beam formation, a triode extraction system was attached
to the plasma chamber. Emittance measurements have been performed on a beam
generated with a filament-discharge plasma as well as with an rf-generated plasma. In
the latter case, the use of capacitors in the extraction system was tested, to filter out
2

possible rf components in the extraction voltage. Additionally, a qualitative compari
son of the emittance of the beam with and without the use of the filter magnets has
been performed.

2.

Numerical Calculation of the Extraction System

For measurement of the beam emittance in all these cases, a triode extraction
system was employed. In Fig. 2 a numerical simulation of this extraction system is
shown. The calculation was performed with the computer code IGUNE [4], The ap
erture diameters are 3 mm, 3.4 mm and 3.4 mm and the first and second gap widths
are 6.5 mm and 1 mm, respectively.
A 2 keV helium beam is formed in the extraction system with the second elec
trode at -4 kV. Helium was chosen as the working gas, since any deflection of the
beam in the magnetic field would depend on the ion mass, with a higher deflection
for lighter ions. Hydrogen would result in atomic as well as molecular ions in the
beam, confusing the interpretation of the emittance measurement.

3.

Experimental Set-Up

Fig. 3 shows a schematic of the experimental set-up. For beam formation an ion
source, consisting of a multicusp plasma generator and a triode extraction system, is
used. An emittance scanner, together with a profile monitor, is placed inside a diag
nostic chamber. This scanner is moved on a spindle across the beam. Additionally,
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the whole unit can be rotated, so that emittance and profile measurements in x- as
well as in y-direction are possible. At the end of the vacuum chamber, a Faraday cup
of 10 cm diameter is placed.
The beam emittance is obtained by use of a slit-slit emittance scanner. The scan
ner, built by Grumman Corporation, is of the Allison type [5], consisting of two par
allel plates containing the entrance and exit slits, with a pair of electrostatic
deflection plates in between. The first slit separates part of the beam at a certain po
sition x. The particles are then deflected into the second slit by a voltage on the de
flection plates U which is proportional to x', the derivative of the particle trajectory,
D

and inversely proportional to the particle energy U . In our case, the widths and
0

lengths of the two slits are 25um and 6 cm, respectiveley, the distance between the
slits is 6 cm, the gap between plates and slits is 0.5 cm, and the aperture between the
plates is 2 mm. This allows a range of measurement of ±2.5 cm in spatial and
+ 57mrad in angular direction. Behind the second slit a collector is used to measure
the intensity distribution as function of x and x'. In front of the collector an electrode
is placed, allowing the suppression of secondary electrons.
For plasma generation a 10 cm diameter multicusp source with a length of 10 cm
is used. The measurements are done with a filament- as well as an rf-driven plasma,
with a frequency of 13.56 MHz in the latter case. In both cases, for a certain current
density in the extraction area, the required discharge power is dependend on the use
of the magnetic filter which reduces the plasma density in the extraction region of the
source.
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The electrodes of the extraction system are made of copper. The first electrode,
which is in contact with the plasma, is edge cooled with water. The emittance meas
urements are taken at 24 cm distance from the extraction system.

4.

Experimental Results

4.1.

Beam emittance for rf-driven source

In the case of an rf-driven ion source one major concern is the possibility of a
distortion of the emittance due to the coupling of the rf voltage to the dc extraction
voltage. Fig. 4 shows an emittance measurement (intensity plot above, contour plot
below) of a 2 keV He* beam generated in the rf-driven multicusp ion source. As can
be seen in the contour plot (below), the emittance is veiy large and the distribution
highly distorted. Two separate regions with higher intensity values can be made out.
It becomes even more obvious in the intensity plot (above), where the two peaks in
the angular distribution at any position x can be clearly seen. This observation can be
explained by the assumption that the extraction electrodes are picking up the rfsignal, and consequently the extraction voltage is modulated by the rf voltage. Such a
modulation changes the ion optics for the formation of the beam, resulting in a varia
tion of the beam envelope.
Fig. 5 shows another emittance measurement for a beam generated with similar
source conditions. For this measurement, capacitors were installed between the first
and second electrode of the extraction system and ground potential. The emittance,
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i.e. the area inside the phase space envelope, is much smaller than before, and the
two peaks of the previous measurement are eliminated by a successful filtering of the
rf component of the extraction voltage. This could be further shown by the fact that
the beam emittance of this case also corresponds to a comparable one taken with a
filament driven ion source.

4.2.

Beam emittance with and without magnetic filter

The magnetic field inside the plasma chamber may have an influence on the trans
verse energy distribution of the ions. Also, a deflection of the total beam due to the
magnetic field seems to be possible. Any such deflection of the beam should occur in
the direction perpendicular to the magnetic field vector. For this reason, the orienta
tion of the scanner was chosen to be vertical, with the slit itself extending perpen
dicular to the filter rods.
Fig. 6 shows two xx'-emittance diagrams (coiitour plot) for a 150 u.A, 2 keV He*
beam. Both emittances were taken for the case of a filament driven plasma. The fig
ure above shows the case without any magnetic filter field present in the source. The
measurements were then repeated with the filter magnets (below). No difference in
the shape of the emittance contours or in the width of the distribution could be de
tected. In addition, no deflection of the beam in either x- or y-direction can be
observed.
The above results were also compared to similar measurements with an rfgenerated plasma. Again, no difference in emittance could be detected.
6

5.

Conclusions

For the operation of the ion source with an rf-induction generated plasma, the in
stallation of capacitors between the extraction electrodes proves to be essential.
Leaving them out results in a severe distortion of the beam emittance. When the rfpickup is successfully filtered out, no difference in beam emittance could be observed
in comparison to the filament-driven plasma. As the measurements show, the use of
the magnetic filter field inside the plasma generator of the source does not result in
any deflection of the beam or deterioration of beam quality, since neither a change of
the x- or y-position of the beam, nor an increase in the transverse ion energy distri
bution could be observed in the emittance diagrams.
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Figure Captions

Schematic drawing of a multicusp ion source vith an rf-antenna and
with the filter magnets installed.
Numerical sin.illation of the extraction area, performed with the com
puter code IGUNE. A 2 keV helium beam is formed in a triode extrac
tion system. The gap widths are 6.5 mm and 1 mm, the aperture
diameters 3 mm, 3.4 mm and 3.4 mm, respectively.

Schematic of the experimental set-up. The ion source (IS) with the tri
ode extraction system (Ex) is mounted onto 2 vacuum chamter (VC).
Inside the chamber the emittance scanuei- (ES) is placed Together with
the profile monitor (PM) H is moved across the beam on a spindle (Sp).
At the end of the vacuum chamber, a Faraday cup (FC) of 10 cm diame
ter Is placed.
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Emittance diagram in the xx'-plane (intensity and contour plot) for the
case of an rf-generated plasma. The beam is a 400 nA, 2 keV He+ beam
formed in a triode extraction system (see Fig. 2). The extraction elec
trodes are picking up the rf-signal, and the resulting two peaks in the
angular distribution at one position x can be clearly seen in the intensity
plot above.

Emittance of a beam for similar source conditions as in Fig. 4, but with
capacitors installed between the electrodes of the extraction system and
ground. The emittance in this case is much better than in the case with
out the capacitors.

Emittance diagram for a 150 uA, 2 keV He* beam in the case of a fila
ment driven plasma without (above) and with filter magnets installed
(below). The same results were also obtained in the case of an
rf-discharge.
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