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ABSTRACT

Using qlaiging incidence (a target tilt between 80°-83°), the depth
resolution of *°0(a,x)160 resonance fcr oxyger detection has been improved
by a factor 5-7 depending on the depth. The more buried the oxide, the more
straggling contribution is observ:d. Besides, at present scattering geometry -
an additionally 3.5 times better detection limit is achieved.

AHHOTAUMA

Paspeuwense no raytHHe M3MepeHMa pacnpenesyieHus KHCAOPORA B TOHKMX TUeHKax
C fIoMOmMbM ANEPHOR PeaKUHM 160(a,a)150 ynyuniaercs B8 5-7 pa3’, eCciM NydOK Tel/Hf
namaer sa otpasen; nox SonpumM yrnom, 80-830 x uopmany nosepxuoctn. lpu ysenn-
YeHHH DACCTOAHKHA ATOMOB KHCJAOPOMAa OT NOBEPXHOCTH YBeJINUNBaeTCHA pas’Gpoc napaw-
Mero nydyka no 3HepruM ¥ yXymmuaeTca pa’peweHse. B RaHHOM Cnyyae B YyBCTBHTeNb~
HOCTD fIOBHCHNACH B 3,5 pas.

K1VONAT

A 16o(m,a)lso magreakcibén alapuld oxigénmeghatérozési mddszer mélység-
felbontésa 5-7 szeresére javithatd, ha az analizéld nyaldb és a vizsgélt min-
ta felliletének normélisa’ kBz8tti szlget 80-83°-ra megniveljik. Eltemetett
oxidrétegek esetén a He ionok energiaszdr&sébdl a felbontéshoz adbdd jhru’.é-
kot is kimértilk a mélység fliggvényében. Az Sltalunk hasznélt geometriai el-
rendezésben a detektflis érzékenysége 3.5-szeresére nitt,




1. INDTROCUTION

For quantitative oxygen determination, both on the very

1

surface and in bulk, the 3.045 MeV 6O(cx,a)lso resonance proved

1)

to be an effective method . The sensitivity for oxygen detec-
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tion in silicon of conventional RBS is about 3x10 atom/cm

We have pointed out earlier that this limit could be lowered by

a factor 17 using the resonance scattering. These sensitivity
values are valid, of course,only for experiments which are performed
on single-crystals where resonance scattering can be combined

with channeling by which the signal to background ratio increases

at the energy of oxygen in the backscattering spectrum. In an:.

earlier paper the sensitivity of this method has also been compared

3) ‘

with other surface analyses . It was shown that native oxide

formed on <100> silicon could be easily studied using the resénance
while’this measurement proved to be impossible with standard ﬁnsz).
The improved sensitivity, however, is associated with poor deéth
resolution because of the half wiuth of resonance (10 keV) thét

is equivalent to about 50 nm in silicon. On the other hand, tﬁe
glancing angle geometry is generally used to improve the deptﬁ

4). This paper deals with the application of

resolution of RBS
tilted target method to the resonance scattering of helium on
oxygen in order to get 6-10 nm depth resolution even for buried

oxides, while preserving high sensitivity.

2. EXPERIMENTS

Fcr the experiments, a special sandwich sample configuraﬂion
was prepared. 5 ficm Si single-crystals were thermally oxidizeh

in dry oxygen atomsphere at 800 °c. The thickness of oxide wai
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16 nm determined by zllipsometer. Aluminium overlaygrs of 50 or
100 nm were evaporated onto the oxides. On the Al surface thin
native oxide was formed. In some cases 7 nm thick S:lO2 layer on
Si was also used.

Backscattering me&surements were made in a vacuum of SxIO-SPa.
During experiments the target was tilted from 0° to 89° in several
points trying to find the optimum scattering geometry. At buried
oxides the quantity of oxygen was determined by increasing the

4He+ beam. Another surface barrier detector

energy of the probing
with collimation was placed at 165° scattering angle in the plane
which is perpendicular to the target tilt. At each energy the
area of the oxygen peak was calculated and plotting these values
as a function of bombarding energy, excitation curves were ob-
tained.'The oxygen quantity can be derived either from the FWHM

of these curves or from their maximum value 1).

Results and discussion

Pig. la shows the excitation curve of 16 nm 5102 on Si
taking the spectra along <100> direction using the channeling
effect to dimin;;h silicon scattering yield at oxygen energy. The
FWHM of the curve is 10 keV equal with that of resonance. If

one defines the "energy width” of the oxide as

B = nte (1)

where n is the density of oxygen atoms, t the physical thickness
of the oxide and ethe stopping cross-section of the incoming beam,

then at resonance energy 8- 3.5 keV s0 B4, the half width of the resonance.
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Fig. 1b shows the energy scan of this oxide at tilt angle
of 79.2°. The FWHM is 21 keV now. If one uses the approximation

2,1/2 (2) ’

FWHM = (B24T
then B is 18.5 keV which is equivalent to an effective thickness
of 85 nm corresponding to a 5.3 times magnification. This value
~coincides with a calculated one at this tilt angle.

Fig. 2 gives examples for the measurement of buried oxides.
Here the previous 16 nm thick SiO2 with a 50 nm aluminium over- ot j
layer was investigated. Fig. 2a shows the excitation curve taken
at normal incidence. It can be seen that there is no clear separa-
tion of surface native oxide and the buried one because the energy i
loss of 4He+ particle in Al at 3.045 MeV is less than 10 keV.

Using 80.7° tilt, however, excellent separation was found (Fig.2b).

e e e e

The 92 keV energy dis.ance between the oxygen curves corresponds ‘

a 6.2 times magnification of the 50 nm layer. The half width of

the excitation curve of buried oxide is 27 keV, broader than

eq.2. would predict, because the energy straggling of the analysing

beam has a significant contribution, too. For evaluation

PWEM = (8241245 (aE)%)1/2 (3)

formula should be applied instead of eq.2. Here 6(AE) is the
energy spread due to straggling. Fortunately, the energy strag-

gling data owing to both tneoretical and experimental works

5)

are tabulated . The relationship,6(AE)-2.355$2str where §

str
is the standard deviation of energy broadening calculated from

-




5) 4)

with W.K. Chu’s correction
6)

Bohr’s theory , for aluminium

was experimentally verified

The energy spread calculated this way together with I' and
magnified B results in 27 kev for FWHM through eq.3. Both surface
and buried oxygen peaké were separated in the backscattering
spectrum. In Fig. 2 the open circle means the surface oxygen peak
and the full circle the buried layer.

Ir present experiments eq.3. servec only for checking the
results but this way one can also calculate unknown oxide thick-
nesseé. Theoretically eq.3. is not strqitly valid, because this
way only the convolution of the Gaussian type contributions®can

be taken into account. Practically, however, this approximation

proved to be satisfactory. Nevertheless, a more elaborate work
6)

was made to include tue straggling and it gives practically
the same result.

In the last example, where the Al overlayer is 100 nm thick,
eg.3. still holds. Fig. 3a shows the case of normal incidence.
The peaks in the excitation curve just separated. By tilting the
sample with 81.5°, the peak-torpeak energy distance becomes 150 keV
equivalent with the magnificatior of 6.75. The 3 keV increase in
FWHM can exactly be described by larger energy spread of longer
ion path for the incoming direction.

If one defines the depth resolution as a clear separation
1 of excitation curves for two infinitesimally thin oxides in a
| given depth, some estimates can be made calculating aluminium as
intermediate layer. The thin oxide will alw;ys be 10 keV thick
and the FWHM is increased only by ltfaggliné. Pig. 4 shows the
variation of FWHM of oxygen peak .in the exc#tation curve (the
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depth resolution) as a function of depth.

Using glancing incidence, the sensitivity of oxygen detec-
tion is also improved additionally to the factor of 17 that
gives the resonance itself. The variation of the signal to back-
ground ratio was investigate® as a function of the tilt angle.
Fig. 5 shows the ratio of the area of oxygen peak to silicon
background in backscatteriag specfra taking 7 nm 3102 on a Si
sample with different tilt angles. All spectra were measured in
random direction. The sensitivity increased to a maxirum of 3.5
at 83° owing to our scattering geometry. If the detector is placed
in the plane which coincides with that of the target tilt, the
sensitivity improvement would be proportional to the inverse cosine
of the tilt angle.

It is clear, however, that sensitivity increase occurs
only for an oxide so thin that increasing effective depth is still
below the nalf-width of resonance, otherwise saturation would

be experienced.

Conclusion

The combination of 160(a,a)160 with glancing incidence
improved the depth resolution of oxygen determination by a factor
5~7. The best resolution of 6 nm can be obtained near the surface
region, but in 500 nm depth it is still 10 nm instead of 50 nm.
Besides, for thin oxides, the sensitivity also increases depend-
ing on the applied tilt angle. In the scattering geometry used in
the present experiment the increase was an additional factor of

3.5, comktinred with the factor of 17 caused by the resonance itself.
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FIGURE CAPTIONS

Fig. la Excitation curve of 16 nm 5102 on silicon, spectra taken
along <100> direction using channeling to diminish
silicon scattering yield at oxygen energy.

Fig. 1b Excitation curve of 16 nm 8102 layer using 79.2° tilt.
The depth magnification is 5.3.

Fig. 2a Excitation curves both surface native oxide and 16 nm
S:lo2 on Si buried by 50 nm Al in normal incidence.

Pig. 2b The investigation of the sandwich of Fig. 2a using
80.7° target tilt. There is excellent separation
between excitation curves between surface oxide and
buried one.

Fig, 3a Excitation curves fo. surface native oxide and buried

one for normal incidence.

Fig. 3b The energy scan of a sandwich structure using 81.5°
tilt which means 6.75 magnification.

Fig. 4 The calculated depth resoclution for oxygen resonance
as a function of depth for buried oxides.

Fig. 5 The change of sensitivity for 7 nm 3102 on Si as

a function tilt angle.
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