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High Resolution Depth Profiling

S10,/S1 Multilayer Thin Films as a Reference
Material for Sputter Depth Profiling
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A multilayer thin film with structure of Si0,(20.6 nm)/Si(20.6 nm)/Si0,(20.5 nm)/Si(20.4 nm)/SiO,(20.0nm)/
Si was prepared by rf-magnetron sputtering. The depth profiling of the multilayer film and the commercially

available thermal oxide film, SiO, (101.6 nm) /Si were performed by Auger electron spectroscopy. The depth

resolution of the multilayer film changed from 2.2 nm for the first SiO,/Si interface to 4.3 nm for the bottom

(5th) interface.

In addition, the bottom interface depth resolution of the multilayer film almost is consistent

with that of the thermally oxidized film. The high resolution in depth profile of the multilayer films, which is

close to that of electron escape depth, was discussed with regards to conformal film growth. The multilayer

film reported here was shown to be useful for the optimization of depth profiling as a reference materal.

1. INTRODUCTION

The development of advanced ULSI processing
techniques requires a high resolution surface chemical
analysis to ensure the process' capability, where an
excellent depth resolution of nm level should be
achieved for the usual composition depth profiling,
because the thickness of ultrathin gate oxides for high-
performance semiconductor devices will be scaled
down to the order of nm [1].

In order to calibrate the thickness in depth profiling
on surface chemical analysis, the reference materials
such as single layer and multilayer thin films are
employed. So far, single layer Ta,0,/Ta (2] and SiO/
Si [3] films and a multilayer Ct/Ni film [4] have been
supplied from governmental institutes as national
standards. Recently, the ISO/TC201 Subcommittee
on Depth Profiling has discussed the usage of
superlattices like GaAs/AlAs and multilayered thin
films for the optimization of sputter depth profiling
by surface chemical analysis [5].

Since the sputtering rate by ions depends strongly
on each material, it is desirable that the reference
materials possess similar properties to the analyzed
materials. Furthermore, sharp interface and reliable
thickness values are the important features for the

precise depth profiling.

To cope with these demands, we aim to develop
standard reference materials such as the mulitilayered
Si0,/Si films. Here, we present the comparison of
depth profiles between the SiO,/Si multilayer thin film
prepared by rf-magnetron sputtering and a
commercially available thermal oxide film.

2. EXPERIMENTAL

The film deposition was carried out in an ultrahigh
vacuum (UHV, base pressure 1x10* Pa) rf-magnetron
sputtering system. An excellent film thickness
uniformity, better than 1% deviation in thickness over
a 3 inch wafer, can be achieved [6]. The native oxide
layer on n-type Si(111) wafers was removed by rinsing
in 1% buffered HF solution(7:1 NH,F:HF) before
introducing the wafer into the chamber. To further
clean the substrate, it was heated to 490°C for 1 hour.
The SiO, and the Si layers were deposited from pure
Si0, and Si targets, respectively. The sputtering power
and the Ar gas flow(or pressure) were 300 W and
15sccm [7] (or 0.25 Pa) for both SiO, and Si
depositions. During the deposition the substrate
temperature was kept at 310°C.

X-ray reflectivity method was applied to determine
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the structural properties of thin films, such as layer
thickness, density of each layer, and roughness of
surface and interface [8,9]. The multilayer structure
was obtained as S10,(20.6 nm)/Si(20.6 nm)/Si0,(20.5
nm)/Si(20.4 nm)/S10,(20.0 nm)/Si. However, since
the difference in density of SiO, and Si is rather small,
the accuracy of the data is limitted as that of the single
layer film. The thickness of the thermal oxide film
(purchased from JEOL LTD) was determined to be
101.6 nm with an accuracy better than 0.5 % .

3. RESULTS AND DISCUSSION

Figure 1 compares the Auger depth profiles of the
multilayer and the single layer films. Measurements .
were carried out with 1 keV Arions and at 55°incidence
angle. The experimental profiles were recorded by
plotting the peak-to-peak intensities of lock-in
differential measurements for Si LVV and O KLL
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Fig.1 Auger depth profiles for the SiO,/Si multilayer
film and the thermal oxide film. Solid and dot-dashed
lines shows the Si LVV and O KLL intensities,

respectively.
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Fig. 2 Change in depth resolution of O KLL profiles
with increasing depth. Solid circles show the data
obtained from the multilayer interfaces, and the
rectangle shows the data by the thermal oxide film.

Auger signals. The normalized intensity plots of the
two signals are shown in Figure 1. No other
contaminant element was detected except C on the top
surface. The averaged sputtering rates were almost
the same for each sample; 1.80 nm/min for the
multilayer and 1.76 nm/min for the single layer films,
respectively. This is related to a very small diference
in sputering rate between Si and SiO,. The abscissa
of Figure 1 refers to these rates.

Figure 2 shows the change in depth resolution
calculated from O KLL plots by using the 84-16%
definition with increasing thickness. The depth
resolution of the multilayer film changed from 2.2
nm for the first S10,/S1 interface to 4.3 nm for the
bottom (5th) interface. The bottom interface depth
resolution of the multilayer film was almost consistent
with that of the thermally oxidized film. X-ray
reflectivity data suggest that the interface roughnesses
are smaller than 0.7 nm.

It is well known that the depth profile broadening
at each interface results from several effects like an
increase in the sputtering-induced surface roughness,
electron escape depth and atomic mixing [10]. For
example, the escape depth of O KLL Auger electron

is about 1.5-1.7 nm. It is usually believed that the
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interfaces of thermally oxidized films are atomically
flat [11].

samples almost coincide with each other, the roughness

Since the depth resolutions of these two

which could exist in the interfaces of the multilayer is
rather small and does not affect the broadening of depth
profile. This is because the film growth occurs almost
conformally, which means that the initial surface
structure of the clean Si surface appears on the top
surface even after multilayer deposition. The increase
in surface roughness during sputtering accounts for
most of the increase in the depth resolution observed

in the multilayer depth profiling.

4. CONCLUSION

In conclusion, the SiO,/Si multilayer film prepared
by rf-magnetron sputtering method yielded a high
depth resolution for Auger depth profiling which was
comparable to the electron escape depth. It is also
shown to be useful for the depth profiling as a reference

material due to its sharp interface features.
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