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INTRODUCTION
An oxygen beam is commonly used in SIMS analysis to enhance the

ionization probability for positive secondary ions. It has been observed,
however, that this technique produces in some cases a great degradation of
depth resolution [1]. The most pronounced effects have been found for
impurities in silicon under oxygen bombardment at angles of incidence
smaller than ~30° from the surface normal [2]. In this paper we report on
broadening of SIMS profiles for some mobile atoms, such as Cu, Ni and Au,
implanted into Si. The anomalously large broadening is explained in terms
of segregation at a SiO2/Si interface formed during bombardment with
oxygen at impact angles <30°.

RESULTS AND DISCUSSION
The ion-implanted silicon samples used for this study are listed in

Table 1. All SIMS measurements were performed in a quadrupole-type ion
microprobe (Riber MIQ 256) using typically 8keV O2

+ beam.In this
instrument the primary beam energy and the angle of incidence can be
changed independently.

Table 1: List of elements implanted into Si, together with the implantation
conditions.

Element

Au
Ni
Cu

Mass [amu]

197
58
63

Implantation
energy [keV]

97
60
60

Dose density
[cm2]

5el4-8el5
8el5
5el4-8el5

As an example, Fig.l shows several SIMS profiles of Ni implanted
into Si, obtained by 8keV O2

+ bombardment at different angles of incidence.
The profiles obtained at 45°-75° show no unusual perturbation and the
difference in broadening observed for these angles is dominated by the
angular dependence of ion beam mixing. On the other hand, the 30 -profile
shows an anomalously large broadening. The same effect is found for all
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angles <30°and also for profiles of Au and Cu implanted into Si.

Fig.l: Dependence
of SIMS profiles of
Ni implanted into
Si on 8keV O2

 +

beam angle of
incidence.

Such a strong effect can be attributed to beam induced segregation of
implanted atoms towards the interface between the SiO2 film, formed
during oxygen bombardment, and Si substrate. In order to reveal the
oxygen build-up during O2

+-SIMS, we employed the RBS-C technique to
analyse the SIMS craters. Fig.2 shows an RBS spectrum taken from the
bottom of a SIMS crater obtained by 8keV O2

+ bombardment at 20° to the
surface normal. The RBS-C spectrum shows a stoichiometric SiO2 surface
layer of ~200A in thickness and an underlaying heavily damaged layer of
-115A in thickness. Fig.3 shows an RBS spectrum taken after the SIMS
profiling of Ni by 8keV O2

+ bombardment at 0°. It shows the pile-up of Ni at
the SiO^Si boundary.
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F i g . 2 : RBS spectra
(obtained by 2 MeV He+ at a
grazing exit angle of 4° to
the surface) taken from the
bottom of a SIMS crater
produced by 8 keV O2

 +

bombardment at 20°. Inset
shows the structure used
for the RUMP simulation
(solid line).
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The angular dependence of the retained oxygen content obtained
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from the high resolution RBS measurements is shown in Fig.4. As the
bombardment angle to the surface normal is increased, the sputtering yield
increases until the sputter rate precludes the build-up of stoichiometric
SiO2.
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Fig.3: RBS spectra
taken after SIMS
profiling of a Ni
implanted into Si. Solid
line represents the
RUMP simulation of
the structure shown in
inset.
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In conclusion, we have shown that the strong degradation of SIMS
profiles in Si under O2

+ bombardment at impact angles < 30° is dominated
by the segregation at a SiO2/Si boundary: a stable SiO2 layer forms during
O2

+ impact and the impurities are driven out of the oxide into underlaying
damaged Si. From a practical point of view, one should avoid the impact
angles < 30° during SIMS analysis of impurities which tend to segregate out
of the oxide.
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F i g . 4 : The angular
dependence of the retained
oxygen content, determined
by RBS, for the 8 keV O2

+

bombardment of Si.

REFERENCES
[1] P.Williams and J.E.Baker, Nucl.Instrum.Meth. 182/183, 15 (1981).
[2] V.R.Deline, W.Reuter and R.Kelly, in "Secondary Ion Mass

Spectrometry, SIMS V", edited by A.Benninghoven et al (Springer
Verlag, Berlin, 1986) p.299.


