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We will propose a very easy method for measuring the ion-sputtered depth using a metallic mesh. This
method can be adopted for bulk materials, which do not have any marker indicating the depth as layered
systems do, and is applicable to a wide ion sputtered conditions. It is possible to measure the true depth
at the actual analyzed position rather than to measure the conventional crater depth. We will also demon-
strate the application to measuring the sputtering rate of a GaAs substrate even for a rastered area of 8x8
mm?>. The proposed method will be used for the investigation of the sputtering yields of various bulk

materials.

1. Introduction

Depth profiling measurements {1] are widely
used in practical surface analysis with AES (Auger
electron spectroscopy), XPS (x-ray photoelectron
spectroscopy), and SIMS (secondary ion mass spec-
trometry). Ion sputtering is inevitable because of its
substance principal for SIMS analysis. In depth pro-
filing technique, a “sputtered depth” is the most im-
portant parameter when discussed on an experimen-
tal as well as theoretical level. Although sputtered cra-
ters can be directly measured in SIMS, it is not easy
to measure the sputtered depths in AES and XPS. This
is because the rastered area of an ion beam is usually
several square millimeters. In practical surface analy-
sis with AES and XPS. sputtering rates are obtained
for the vanious conditions of the operated apparatus
in the laboratory using SiO films {2], Ta O films {3],
and so on. One of the necezssary conditions for these
standard materials is the well-defined film thickness.

In daily/practical analytical work, analysts mea-
sure the time to completely sputter the film with a
known thickness in AES or XPS measurements: thus,
obtaining the sputtering rate. Film materials with
thicknesses of which are known are limited, whether
the thickness is certified or not. Then we have to adopt
the sputtering rate for analyzed materials as that of
materials with known thicknesses; this is even though
we do not know whether the adopted sputtering rate
is near or far from the actual sputtering rate of the

analyzed material. The converted sputtered rate should
actually be used for the analyzed material, referring
the database of sputtering yields [4]. The database
shows a large difference in sputtering yields depend-
ing on materials cited. Unfortunately, it is difficult to
confirm whether the values shown in the database are
near the true values for the analyzed materials. Fur-
thermore, the method to obtain the sputtering rates
using the films with the known thicknesses is limited
to the layered material systems.

In order to experimentally obtain/estimate the
sputtering rates for the materials that are not layered
systems, even if an area of several square millimeters
is sputtered, we will propose a method using a metal-
lic mesh. It overcomes the difficulty of measuring the
sputtering rate of bulk materials and for analyzed ma-
terials. An additional advantage is to be able to do an
AES measurement for high-resistance materials with-
out peak shifts caused by charging effects when mea-
suring the specimen surface with a part of the metal-

-lic mesh instantaneously. In this report we will dem-

onstrate the technical procedure and examples of the
results.

2. Technical Procedure of Measuring Sputtered
Depths with a Mesh and Example

It is very easy to prepare the specimen as shown

in Fig. 1. Here we used a silicon substrate as an ex-

ample of the specimen in this report. The mesh is put
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Fig. 1

Setting procedure of a specimen, a metallic mesh, and
an aluminum foil with a hole. (a) The prepared things
are the mesh and the aluminum foil with a hole. (b) The
mesh and the aluminum foil are put one on top of the
other on the specimen by aligning the mesh and the
hole. (¢), (d), (¢) The aluminum foil is folded down
over the mesh and the specimen.

between the specimen and the aluminum foil. The suit-
able mesh is made from copper because of the soft-
ness. We use a mesh with a lattice spacing of several
hundred micrometers, considering the ion beam di-
ameter, sputtered area, and the capability of the used
stylus profiler. The wrapping material for the speci-
men and mesh is aluminum foil because of its flex-
ibility. Another material should be used if the alumi-
num reacts with the specimen materials. The hole di-
ameter of the aluminum foil is about 2 mm. In this
preparation procedure, it is important that the mesh
and the hole of the aluminum foil are aligned well.
Moreover, it is necessary that the analyzed area of the
specimen must appear through the mesh window: this
is confirmed with an optical microscope etc. The alu-
minum foil should be wrapped and fitted with the mesh
and the specimen, caring to make good electric and
mechanical contact between them. '

Fig. 2 shows the SEM (secondary electron mi-
croscope) images of the specimen (silicon substrate
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Fig. 2
SEM images taken by a SAM instrument before sput-
tering. (a) In the low magnitude image, the mesh is
seen through the hole of the aluminum foil, and the
specimen surface can be analyzed without any dis-
turbance. (b) In the higher magnitude image. we can
select area to be analyzed through the hole of the mesh
lattice.

Fig. 3

SEM image with the mesh after sputtering. It is easy to
find the mesh and the shadowed pattern caused by ion
sputtering.

in this example) surface with the mesh and the alumi-
num foil before sputtering. When the analyzed area is
specified, an operator may locate the position in a low
magnitude image like Fig. 2(a). In daily SAM (scan-
ning Auger electron microscopy) analytical work. the
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Fig. 4

SEM images after sputtering and removal of the mesh,
though this step is not required in usual analysis pro-
cedure. (a) In the low magnitude image, the shadowed
pattern by the mesh is seen clearly. (b) In the higher
magnitude image, theére are non-sputtered patterns,
normally-sputtered areas, and the sloping area from
the former towards the latter. The small features in
the sputtered area may have been formed by small
particle dusts on the surface before sputtering.

analysis is carried out in a higher magnitude SEM
image where any part of the mesh does not appear,
though there is the mesh in the higher magnitude SEM
image of Fig. 2(b). Fig. 3 shows the same magnitude
image as Fig. 2(b) after sputtering. The dark area along
the right side of the lattice points, AB, is the shadow
area for the secondary electron detector. The bright
area along the lower side of the points BC is the slop-
ing area, corresponding to the side wall of the sput-
tered zone, which was not sputtered due to the mask
of the mesh.

Fig. 4 shows the SEM image after sputtering and
removal of the mesh in air, although the process of
this SEM observation is not usually needed for daily
analysis. The low magnitude SEM image (Fig. 4(a))
clearly shows the mesh pattern on the specimen sur-
face. In the higher magnitude SEM image (Fig. 4(b)),
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Fig. 5
Stylus profiler images after sputtering. (a) In the low
magnitude profile, there are non-sputtered areas on the
both sides shadowed by the aluminum foil and the pro-
trusions formed by the mesh lattice. (b) From the higher
magnitude profile, the sputtered depth of the actual ana-
lyzed area can be estimated by determining the matrix
address corresponding to the mesh lattice. In the fig-
ures, “mp” and “af” denote the shadow area resulting
from the mesh and the aluminum foil, respectively.

it is found that the bottom of the sputtered zone is
overall very flat and that several small particles are
on the bottom face. The same kinds of particle are
frequently seen for various materials. We consider that
the sputtered zone is contaminated by the particles
prior to sputtering and thus, they are affected the to-
pography after sputtering.

Fig. 5 shows the cross-sectional profiles obtained
by a commercial stylus profiler (SLOAN, 3030ST).
It is clearly seen that the sputtered shape corresponds
to the aluminum foil and the mesh pattern. In the low
magnitude profile, it is possible to measure the whole
length along the diameter of the aluminum foil hole.
Thus we can select the sputtered zone in which the
actual analysis was performed, resulting in the true
sputtered depth. This is true especially for SAM analy-
sis, as shown in Fig. 5(b). Here the flat region is about
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250 um wide and it is very easy to measure the sput-
tered depth.,

Now we will show an example where the mesh
method is adopted for a bulk material which, unlike
layered systems, does not have any marker indicating
its layer thickness. Fig. 6 shows the sputtering rate of
GaAs substrate against the rastered distance of the
ion beam using the SAM instrument. When the mesh
is not used, we may be able to estimate the sputtering
rate from the sputtered depth for the rastered distance
of I to 2 mm. Itis very difficult, however, to measure
the sputtered depth for the long rastered distances of
5to 8 mm. We can, however, measure depths accu-
rately by the mesh method presented here even for
wide rastered regions. For a silicon substrate, the depth
can be measured with the error of +7 nm at 400 nm
in depth, corresponding 3.5% as shown in Fig. 5(b).
An additional benefit of the mesh method in the AES
analysis of a high resistivity material is that we can
avoid the charging effect by measuring the specimen
surface with a part of the metallic mesh. An AES spec-
trum includes the characteristic peaks from the mesh
material, though we can obtain AES peaks coming
from the specimen without energy shifts. Here we do
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Fig. 6

The sputtering rate of GaAs bulk against the ion beam
rastered distance. The rastered area corresponds to
the squared values of the distances. The energies of
an Ar* ion beam are 1 keV and 2 keV.
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not show the result for preventing the charging effect.
It will be reported elsewhere.
3. Summarizing Remarks

We have proposed a very easy method using a
metallic mesh to measure sputtered depth. This method
can be adopted for bulk materials that do not have
any marker indicating the depth and is applicable to
very wide sputtered conditions. We also demonstrated
the application result to the measurement of the sput-
tering rate of a GaAs substrate. It is possible to esti-
mate the sputtering rate even for a rastered area of
8x8 mm?>. The proposed method will be used in the
investigation of the sputtering yields of various bulk
materials. This method is also applicable in AES mea-
surements for high resistivity materials without peak
enrgy shifts doe to charging effects.
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