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Time of flight secondary ion mass spectrometry (TOF-SIMS) with high mass resolution,
which is a promising technique in surface analysis, has been employed for characterizing thin
oxide layers formed on the surface of silicon steels. The specimens surface of cold rolled sheets
was covered by an very thin oxide layer and a contaminated layer. TOF-SIMS could clearly
resolve peaks of ions of iron, silicon molecule and contaminated species with the same nominal
mass, providing reliable information of the thin layers. The present results show that iron is
enriched to the outer side in the oxide layer formed atroom temperature, and this corresponds to
the results on characterization of thicker oxide layers thermally formed on the steel. Some
characteristic features of secondary ion mass spectra such as contaminated organic compounds

have also been recognized.

1. INTRODUCTION
Oxide layers formed on the surface of
electrical silicon steels play an important role in
processing of surface coating of silicon steels.
Some investigations on thin oxide layers formed
on the surface of silicon steels during
decarburization, for instance, have been carried out
using infrared reflection spectrometry, electron
microprobe analysis and so on [1-3]. Although we
can obtain the results of a few micron meters
thickness of the oxide layers, further information
on elemental compositions of very thin layers
formed on the surface are required to understand
the formation mechanism of the oxide layers.
Auger electron spectroscopy (AES) and X-ray
photoelectron spectroscopy (XPS) may be one way
1o such purpose, but there are several problems in
characterizing those layers, because of low
sensitivity of silicon peaks (Si 2p and 2s in XPS, Si
KLL in AES) against iron peaks and peak
interference between Fe MNN and Si LMM in AES.
Since silicon is one of the most important elements
in plain steels as well as silicon steels, such
inconvenience is often encountered in surface
characterization of steels.
Secondary ion mass spectrometry (SIMS) is
also believed a powerful tool to analyze the solid
surface. Figure | showsa depth profile of an Fe-4%
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Si sheet, which is the same as that shown later,
obtained by a conventional SIMS technique witha
quadrupole analyzer. In this experiment, the
primary ions were oxygen ions with 5 keV, the
sputtering rate wasabout 0.03 nm/s and the positive
secondary ions were detected. The surface of the
specimen was covered by athin oxide layer due to
air exposure. Iron, silicon, their hydroxide and
oxygen jons were recorded with sputter time in this
measurement, but their ion counts might include
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Fig.1 Depth profile of an Fe-4% Si
sheet by conventional SIMS with a
quadrupole analyzer.
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Table 1
silicon steel.

Possible interferences occurring in secondary ion mass spectra from

Mass number Main ion(amu)

Interference ions (amu)

28 %Si (27.977)
54 *Fe (55.940)
56 *Fe (55.939)

CO (27.995)
N, (28.006)
CH, (28.031)
*Cr (53.939)
YAlL (53.961)

© C.Hg (54.047)
Si, (55.953)
C,H,0 (56.026)
C,H; (56.062)

different ions with the same nominal mass. In other
words, the required information may be obscured,
because some overlaps occur due to low mass
resolution. Possible interferences occurring in
secondary ion mass spectra from silicon steels are
listed in Table 1.

On the other hand, time-of-flight secondary
ion mass spectrometry (TOF-SIMS) with high mass
resolution, which has recently been developed [4-
6], is a promising method in analyzing a thin layer
consisting of complicated constituents. This
method appears to hold promise in reducing
difficulty of the conventional quadrupole SIMS by
detecting silicon, iron and other ions from the
surface of silicon steels and obtaining reliable
depth profiles. The aim of the present work is to
provide preliminary results of thin oxide layers
formed on the surface of silicon steels, and to
discuss applicability of TOF-SIMS in surface
characterization.

2. EXPERIMENTAL

Ingots of Fe- 2.0 and 4.1 mass % Si steels,
referred to as Fe-2%Si and Fe-4%Si respectively,
were produced by vacuum melting. They were hot
rolled at about 1300 K to sheets of about 2 mm in
thickness. Oxide scales formed on the surface were
removed by pickling, and then the sheets were cold
rolled to reduce their thickness of about 0.8 mm.
Subsequently, they were washed with acetone to
remove machine oil, and then their surface were
analyzed by TOF-SIMS. Since the surface of
silicon steels are easily oxidized in rolling atroom
temperature, an oxide layer should be considered

in this work.

A TOF-SIMS apparatus (PHI TFS-2000) was
used to analyze the surface in the present work. The
primary ions were gallium ions accelerated to 15
keV, and the analyzed area was nine micron meter
square. The mass resolution given by m/A m (m:
mass, A m: full width of half maximum of the
peak) wasabout 8000 in mass about 56, as shownin
Fig.2. It would be stressed that the spectrum of
Fig.2 obtained for the top surface of Fe-2%Si
clearly indicates Fe, Si, and C,H; ions with
sufficient resolution. Detection of contaminants
and silicon by another type of TOF-SIMS has been
reported for a contaminated silicon wafer [7].
Although a wide range of secondary ion mass
spectra was recorded in the present work, our
intention mainly focused on Fe, Si, FeOH, SiOH
and O ions in the depth profiles. The sputtering rate
obtaining for depth profile was about .05 nm/s

=TT LN S | T 1 T Y T T T T

55.93 =

Counts (a.u.)
s g &
T i

2
I

55.8 55.9 56 56.1
© m/z (amu)

Fig.2 Secondary ion mass spectra from
the top surface of Fe-2%Si.

-613-



(®)

Aidix

Counts (a.u.)
G/
9
i

s ki
}

@ |

27.90 27.95 28.00 28.05 28.10
m/z (amu)

Fig.3 Secondary ion mass spectra close
to 28 amu from the surface of Fe-4%Si in
the sputtering time of (a) 0, (b) 5, (c) 10,
and (d) 15 s.

which was estimated using a SiO, film on a silicon
wafer. Secondary ion mass spectra were measured
with low doses of primary ions, when the sputtering
was interrupted.

3. RESULTS AND DISCUSSION
1. Secondary ion mass spectra

Figure 3 shows secondary ion mass spectra
near mass 28 from the surface of Fe-4%Si, where
(a)-(d) correspond to the results with sputter time
of 0, 5,10 and 15 s, respectively. Ion peaks of Si
(27.98 amu), and C,H, (28.03 amu) are resolved
owing to high mass resolution, The C,H, peak is
detected from the top surface, and it may originate
from contaminated hydrocarbon adsorbed to the
surface during air exposure [8]. The C,H, peak is
drastically decreased by sputtering, while the
counts of silicon ions increase with sputtering.

In order todetect contaminated species other
than the C,H, peak, secondary ion mass spectra of
high mass number were measured for the top
surface. Many ion peaks such as mass 81, 91, 105,
115, 128 and 155, allocating to hydrocarbon
CnHm (nm: integers), were detected in the
measurement. These signals may be attributed to
fragment ions of contaminated organic
compounds on the surface. Some fragment ions
containing silicon have also been detected from the
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Fig.4 Depth profile of Fe, Si, FeOH
‘and SiOH obtained from Fe-2%Si.
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Fig.5 Depth profile of Fe, Si, FeOH

and SiOH obtained from Fe-4%Si.

top surface, which may come from organic
compounds such as residual rolling lubricant used
in cold rolling. With this fact in mind, TOF-SIMS
appears also to be applicable to analysis of organic
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layers and coatings formed during processing,
although the present work mainly focuses on
contaminated hydrocarbon only.

2. Depth profiles

Figures 4 and 5 give the depth profiles from
the surface of Fe-2%Si and Fe-4%Si, respectively.
Following sputtering for 100s, the matrix of these
specimens almost appears. It would be interesting
to note that counts of secondary ions in the oxide
layer are higher than those in the metal matrix. It
may result from difference of the ionization
process between the metal matrix and the oxide
layer, similar to the iron base alloys [9-11].
Hydroxide (FeOH and SiOH) is likely to be formed
by reaction with residual gases such as water and
hydrogen, and their counts appear to be correlated
with those of the metallic peaks (Fe and Si).

The ratio of Si peak to Fe peak in Fe-2%Si
and Fe-4%Si as a function of sputter time is
summarized in Fig.6. These results show that
silicon is depleted on the outer side in the oxide

layers; that is enrichment of iron in the oxide layers.

Although the present oxide layers have formed at
about room temperature, such characteristic
distribution of the constituent element is found
within the oxide layer. For instance, it has been
reported that iron is enriched to the outer side of
the oxide layers on iron base alloys during thermal
oxidation [12]. The non-linear increase of Si
intensity by bulk silicon concentration may be
attributed to difference of feature of those oxide
layers. The present results indicate that such
behavior in oxidation at high temperature takes
place even at room temperature.
The potential capability of TOF-SIMS for
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Fig.6 The ratio Si*counts to Fe* counts

as a function of sputter time.

analyzing different ions with a similar mass from
very thin layers, has been well recognized by the
present results of silicon steels, although some
further developments are still required before it can
be accepted as a very reliable quantitative
technique. Since this method can be used for
obtaining images of secondary ions from small
area, it would also reduce difficulties in surface
characterization of solids materials.

4. CONCLUDING REMARKS

TOF-SIMS has been used for characterizing thin

oxide layers formed on the surface of silicon steels.

(1) Peaks of secondary ion mass with a similar
mass number were successfully resolved to in
TOF-SIMS. Thereby, elemental information
can be obtained in depth profiles without any
interference.

(2) Every secondary ion counts of the oxide
layers werehigher than that in the metal matrix
in the depth profiling process, which may be
attributed to the matrix effect.

(8) Iron was found to be enriched to the surface
side in the oxide layer formed at room
temperature. This is consistent with the
previous result on the oxide layers thermally
formed in silicon steels.
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