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In surface analysis such as AES (Auger electron spectroscopy) or XPS (x-ray photoelectron spectroscopy),
ion sputtering is generally used in order to remove contaminated layers and to perform an in-depth profiling.
It is important to align an ion beam at an analysis area and to estimate sputtering rates prior to an actual
measurement. In this report, two methods are introduced how to align the ion beam. (a) Faraday cup
method is applicable to quantitatively estimate the ion beam by monitoring current and (b) SiO, method is
an easy way to visually align the ion beam position. Detailed alignment procedures are promised to be use-

ful for daily analysis workers.

1. Introduction

Electron spectroscopy such as AES (Auger electron
spectroscopy) and XPS (x-ray photoelectron spectros-
copy) are very useful to evaluate elemental compositions
and chemical states in several nm surface regions in
depth. They have been widely used in a research and
development phase and failure analyses in industry field.
Ion sputtering by rare gases is generally adopted to re-
move a contaminated layer and to measure an in-depth
profiling. Here are parameters such like an ion acceler-
ating voltage, an ion current density, an ion species, and
an incident angle to a specimen in ion sputtering proce-
dure, and these parameters affect a sputter etching rate,
surface roughening, and elemental mixing [1]. Mathieu
pointed out surface roughening caused by its current
density distribution in the cross-section of an ion beam
[2]. It is needed for surface analysis with ion sputtering
to flatten the central area of an ion beam rasterizing re-
gion in order to avoid morphological effects [3]. It is also
important that an analysis area should be located at the
central region of an ion beam irradiation area. These
configurations are shown in Fig. 1. A sputtering rate

should be also known by an analyst as a function of the
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parameters.

Two main subjects are in the procedure of ion beam
alignment; one is that an analysis area is placed within
the central region of an ion beam irradiation area and the
other is adjustment of an appropriate ion beam current
density with varying rasterizing size. When using a
Faraday cup, one can qualitatively set an ion beam be-
cause of measuring a current for a specified area that

corresponds to a hole on a Faraday cup. An accurate
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Fig. 1. Configurations of sputtered, flat and analysis area. (a)
Top view; (b) Cross-section view of along the line A - A’.
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measurement of ion beam current using a Faraday cup
was discussed by Seah ef al. [4] and a measurement
technique of an ion current distribution was studied by
Inoue et al. [5] using a kind of Faraday cup with a so-
phisticated design. On the other hand, when using a SiO,
film, one can visually control an ion beam position and a
rasterizing condition. In this report we introduce the
methods that can be applied even by a beginning instru-
ment operator using a conventional Faraday cup and an

easy-available SiO, film.

2. Experimental

The instrument used was PHI700 Auger Nanoprobe™
from ULVAC-PHI. The floating type ion gun (model
06-350) was mounted on the instrument and an ion ac-

celerating voltage and a floating voltage are variable in

the rage of 1 V to 5000 V and 0 to 500 V, respectively [6].

Figure 2 shows the cross-sectional design (a) and the
external view (b). There is a hole of 250 um in diameter
on the top of the Faraday cup holder as shown in Fig.
2(c) on the outer electrode and there is a trapezoidal hole
of 5.3 mm in depth in the inner electrode that is electri-
cally insulated from the outer one. Two electric lines are
wired from the sample stage in a vacuum to the outside
of the analysis chamber and they enable current meas-
urements from the outer electrode and the inner electrode,
independently. The current from the latter electrode is the
ion beam current through the 250-pum-hole and that from
the former one corresponds to the total ion beam current
The bias volt-
age of +90 V is applied to the inner electrode when

except for the part of 250 um diameters.

measuring the ion current in order to suppress current
increase caused by secondary electrons generated by ions.

The current is measured with a Keithley 6485 picoam-

Ar+

Fig. 2. The appearance and the cross-sectional design of Faraday cup.(a) Cross-section view. When one electric line is switched, the
other line is grounded. linner and louter correspond to the current from the inner and outer electrode, respectively. (b) A photo of the
Faraday cup. (c) SE image of the center of Faraday cup with a hole of 250 um in diameter.
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meter for the ion beam that is swept at the rate of about 1
kHz along the x-axis and 10 Hz along the y-axis. For the
second subject a 105 nm thick thermally oxidized SiO,

film on Si wafer was applied.

3. Example of in-depth profile using miss-aligned ion
beam at a crater edge

The depth profiles of GaAs/AlAs superlattice are
shown in Fig. 3 where one [Fig. 3 (a)] of them is the re-
sult measured under the conditions of suitable alignment
of the ion beam and the analyzed position and the other
[Fig. 3(b)] is the result obtained intentionally at the crater
edge of rasterizing ion beam. Sputtering was carried out
by Ar’ ions of the accelerating voltage of 1 kV, the inci-
dent angle of 45 degrees, the raster area of 1.5 mm x 1.5
mm, and the analysis area of 50 um x 50 pm. The both
depth profiles are almost same in the region of surface.
Increasing the depth by ion sputtering, degrading the
interface resolution as well as decreasing the amplitude

(corresponding to the intensity) of the signal for the
miss-aligned case. The time durations from the topmost
surface to the substrate were 25 minutes and 39 minutes,
respectively. The sputtering rate was about 36% less for
the miss-aligned depth profiling obtained at the crater
edge than that for well-aligned profiling at the center of

the crater.

4. Faraday cup method

Schematic views are shown in Fig. 4 for ion beam
alignment using a Faraday cup. As the ion beam is
aligned at the hole position of the Faraday cup, the ion
beam current is greater when focusing thinner than that
when broader, comparing Fig. 4(a) and 4(b). Even the
ion beam is perfectly focused, if the position of ion beam
is shifted from the faraday cup hole as shown in Fig. 4(c),
the ion beam current becomes lower. It is need that (a)
the Faraday cup hole position should be at the analyzed
position, (b) the ion current should be optimized to get an
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Fig. 3. Comparison of AES depth profiles of GaAs/AlAs superlattice under proper and improper ion beam alignments. (a) under

proper ion beam alignment. (b) under improper ion beam alignment.
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Fig. 4. Schematic view for ion beam alignment using a Faraday
cup. I, I, and /. are the ion currents through the Faraday cup
hole in the figures (a) to (c). (a) not just focused ion beam. (b)
a focused ion beam and proper irradiation location. (c) a fo-
cused ion beam, but improper irradiation location.

appropriate sputtering rate, and (c) the ion beam should

be focused to get a highest current at the inner electrode.

Doing these alignment procedures, the analyzed point is

placed at the central region of the sputter crater when the

ion beam is swept and the analysis is performed at the
evenly sputtered area. This method is applicable for AES
and XPS.

To summarize the alignment procedure using the

Faraday cup.

1. to align the Faraday cup hole to the analyzed position
using SEI (secondary electron image) or OMI (optical
microscope image).

2. to turn off the accelerating voltage of electron beam in

order to avoid an affect of primary electron beam to the

measured current in the case of AES.

3. to turn off SED (secondary electron detector) multi-
plier voltage because of the protection of the detector
since an current of ions is generally significantly
greater than that of electrons.

4. to turn on the ion beam.

5. to note that the ion beam shall not be rasterized.

6. to adjust raster offsets to get a maximum ion current at
the Faraday cup.

7. to adjust objective lens parameters to get an maximum
ion current at the Faraday cup.

8. to repeat 6 and 7.

9. to adjust condenser lens parameters to get an appro-
priate ion current at the Faraday cup or the target (cor-
responding to the outer electrode).

10. to go back to the procedure 8.

11. to repeat 9 and 10.

12. to set raster parameters for actual measurements.

13. to turn off the ion beam.

14. to record or save the ion beam parameters.

The ion beam irradiated onto the specimen surface is
varied by focusing or defocusing the ion beam at the
objective aperture by the condenser lens for the ion gun
used in this study. This is the reason the condenser lens
parameters are changed in order to get an appropriate ion
current. Figure 5 shows the Faraday cup ion current at

the accelerating voltage of 2 kV when changing the con-
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Fig. 5. Faraday cup ion current at the accelerating voltage of 2 kV when changing the condenser lens and the objective lens parame-
ters. These parameters are shown voltage ratio (%) of the acceleration voltage. The values are the percentage by 2000 V.
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denser and the objective lens parameters. The maximum
position of each curve corresponds to the condition that
on ion beam is best focused. The parameter of condenser
lens and the objective lens is shown the voltage ratio to
the acceleration voltage in percentage. It is found that the
optimum value of the objective lens depends on the ion
current determined by the condenser lens parameter.
Figure 6 shows the ion currents at the Faraday cup
against the raster area, and the estimated sputtering rates
that are calculated from the measured sputtering rate at
the raster size of 2.25 mm?. Increasing the raster dimen-
sion, the current decreases because ions going through
the Faraday cup hole decrease per unit of time. Once the
sputtering rate is measured for a reference specimen un-

der the specified condition, one can estimate the sputter-

ing rate since the sputtering rate is proportional to the ion
beam current density. It is found that the estimated sput-
tering rate is in good agreement with the actually meas-

ured one for the raster area of 4 mm?>.

5. SiO, method

The alignment procedure using SiO, film is shown in
Fig. 7, where the primary electron beam of the acceler-
ating voltage of 3 kV is co-irradiated with the ion beam.
The part of dark contrast corresponds to the region irra-
diated by ion beam in SEI. This method is not suitable
for the cases of thick (large diameter), high current or
low voltage ion beam. This is because it is hard to adjust
the focus of the ion beam when the ion beam is too thick
in the field of view of SE image. Therefore when the
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Fig. 6. Example of the ion current depending on raster sizes and sputtering rates for SiO, at 1 kV.
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Fig. 7. A part of the alignment procedure using SiO, film.
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Si0, method is applied, it is recommended that the ion
beam should be thinner by decreasing the ion current, for
instance, by changing the condenser lens parameter from
“75%” to “90%” as shown in Fig. 5. Decreasing the ion
current, it is easier to recognize the ion beam position
and to focus the ion beam. Note that the optimum objec-
tive lens condition changes when increasing the ion cur-
rent. Thus the initial conditions of condenser lens and
objective lens parameters should be applied after adjust-
ment of ion beam position for the low current ion beam.
Here the ion beam shall be roughly aligned under the
initial conditions. Though it is difficult to quantitatively
measure the ion current and to exactly focus an ion beam,
it is very convenient to adjust the irradiation position of
ion beam because it is easy to recognize the ion beam
visually. When applying this procedure on the SiO, that
thickness is known, one can estimate the reference sput-
tering rate without exchanging the specimen.

To summarize the alignment procedure using the SiO,
film.

1. to place a SiO, film of about 100 nm thick at the ana-
lyzed position.

2. to set the electron beam , typically at 3 kV and about
10 nA.

3. to set lower voltage for SED multiplier.

4. to turn on the ion beam.

5. to set the condenser lens parameters at 90 to 100 % of
the maximum applied voltage, leading to easy recogni-
tion.

6. to set the ion beam raster size as 0 x 0.

7. to adjust SEM conditions to recognize the ion beam
irradiation position.

8. to adjust the objective lens parameters to get the ion
beam irradiation as thin as possible.

9. to adjust the raster offsets that the ion beam irradiation
places at the center of SEI.

10. to set the parameters of condenser lens, objective lens,
and raster size for actual use.

11. to turn off the ion beam.

6. Summary

As an example of a miss-alignment of an ion beam, it
is shown that depth resolutions are remarkably degraded
in a deeper region under improper sputtering conditions.
Two alignment procedures are introduced in detail. One

is (a) Faraday cup method that is applicable to quantita-

tively estimate and the other is (b) SiO, method is an
easy way to visually check the ion beam position and the
sputtering rate. We expect this technical report is useful
for daily work of AES/XPS users.
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3. Example of in-depth profile using miss-aligned ion

beam at a crater edge
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The sputtering rate was about 36 % less for the
miss-aligned depth profiling obtained at the crater edge

than that for well-aligned profiling at the center of the

crater.
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The current is measured with a Keithley 6485 pi-
coammeter for the ion beam that is swept at the rate of
about 1 kHz along the x-axis and 10 Hz along the y-axis.
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