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Abstract

In this work we use dislocation loops to monitor the interstitial injection during the oxidation
of silicon at low tcmperatures (850 — 950 °C). The interstitials captured by the loops are
measured using Transmission Electron Microscopy and the number of silicon atoms that are
injected into the silicon bulk during oxidation can be estimated. A model is then developed that
considers the above measurements and accounts for the silicon supersaturation in the loop layer
and subsequently for the flux of injected interstitials during oxidation that is compared with
SUPREM 1V results. Simulation of loop evolution using FLOOPS simulator permits an
estimation of the capturing efficiency of loops in the temperature range of experiments.

1. Introduction and Experiments

A technique proposed by Meng et al. [1] demonstrated that dislocation loops can be used
as efficient point defect detectors. This technique offers the advantage of detecting small
atom populations and gives the opportunity to quantitatively estimate the number of
interstitials injected in Si during a thin oxide formation. In this work we perform a
systematic study of the loop distribution in inert and oxidizing ambient in the
temperature range 850-950 °C and we compare our cxperimental results against
simulation results using SUPREM 1V for the cstimation of the number of injected
interstitials and FLOOPS for the estimation of the capture efficiency of the dislocation
loops.

Our experiments have been launched with Sit implantation in Si wafers at 50 keV and

dose 2x1015 cm-2 through a thin sacrificial oxide (20 nm). Afier annealing the wafers at
900 °C for 10 min in Ny a layer of dislocation loops was formed 110 nm below the

surface. Subsequently, the wafers were cut into pairs of companion samples. One of the
samples was oxidized in dry Oy while the other was anncaled in Ny for the same

conditions. The thermal treatments were carried out for various temperatures (850°-
900°-950 °C) and times (up to 10 h). The imaging of the dislocation loops was
performed with Transmission Electron Microscopy. For cach sample, at least 500
dislocation loops were measured. The accuracy of the loops measurements is 2 nm. Two
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different types of dislocation loops can be identified from the TEM images : a) the
circular Frank faulted loops, with smooth edges at the two sides of their long axis and b)
the perfect prismatic loops, with more irregular shapes. From the statistical distribution
of the loops we can estimate the number of silicon atoms that are bounded in the loops.
These experiments are presented in detail in ref. 2.

Another important issue of this work is the determination of the capturing efficiency of a
loop layer. Based on a previous set of experiments [2], where the time evolution of two
loop layers, scparated by less than 2 pm was studied, we estimate that the layer closer to
the oxidizing interface absorbs 85% of the injected interstitials. This result will be taken
into account later, for the calculation of the number of atoms that arc injected into the
lattice. This value is in agreement with previous results that estimate the capturing
efficiency of the dislocation loops, by studying the Oxidation Enhanced Diffusion of a
buried dopant layer and thus monitor the local supersaturation of interstitials below a
dislocation loop layer [3,4].

2. Modeling and Simulation results

In the case of oxidation the total number of atoms incorporated in the loop layer is not a
constant (as in an inert ambient) but increases with time, since interstitial atoms injected
from the silicon surface are constantly incorporated in the loop layer.

For a total loop surface area 4 cm-2 where m loops are present we can write that the
change of the number of atoms incorporated within the m loops afier interstitial injection
by the oxidation process equals the measured change of their number from a TEM
picture, Ny, is the net number of interstitials per unit arca in the top loop layer.
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Assuming that all the dislocation loops are circular and that the growth of the loops is
diffusion limited and can described by the law derived from Hu [5], we find that the
average supersaturation of interstitials within the loop layer can be expressed as
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where 7 is the average radius of the loops, djggp cquals m/A .

The assumption of a diffusion limited interaction of interstitials with the loops is
Jjustified by the results of previous investigations [3,4] as well as by our two loop layer
experiments which show that the dislocation loops are efficient sinks for interstitials.
Compared with the result obtained by Bonafos et al. (6] for inert ambient, equation (2)
contains an additional term which is the first one.

Replacing the numerical values of the parameters involved [5,7] we are able to estimate
the interstitial supersaturation within the loop layer as a function of the oxidation time. If
we assume no bulk recombination of interstitials with vacancies, the supersaturation of
interstitials at the surface during oxidation can be calculated from the equation :
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Where s;“‘rf and s1100171 the average interstitial supersaturation at the surface and at the

loop layer, a is he distance of the loop layer from the surface and Ny is the net trapped
number of interstitials per unit arca taking into account that only 85% of the generated
atoms are captured by the loop layer. The results obtained are in good agreement with
Packan et al [8).

Figure 1 shows the results we obtain for the total amount of silicon atoms that are
injected into the bulk. These data provide a lower limit for the amount of silicon
interstitials that must be injected into the
silicon lattice during an oxidation process.
“Al From these data we can estimate a lower
limit for the ratio 0/Ksurf that is used to
. model interstitials  injection  during
i oxidation (parameter 0 accounts the
generation rate and K¢ for the surface
recombination rate). These values are listed
in table 1. Comparison with simulation
results shows that the parameters used into
T ——— simulation tools (SUPREM - FLOOPS) to

18
O F T T T T T T T 7T 77
T=900°C

T LR BRI
-
n
-]
2
0
1

=~ = =Suprem Parameters
Fbops Parameters
® A FExperlmental

8..
T llll£
» ~
|

Total amount injected (awms/cml)
¥

0 100 200 300 400 500 600 model interstitial injection, can adequately
Oxidation time (min) provide the amount of atoms that are
Figure 1. Total amount of silicon atoms required, if we assume that the existence of

injected during silicon oxidation. the loops docs not influence the
supersaturation ratic at the surface.

Table I. Lower values for 0/ky ratio. H_OWCVCr’ if the p.resenc.c_of these effect_i ve
sinks reduces the interstitial supersaturation
0 at the surface, then the number of
g‘/l((,(.,:,)f gig 28(5) ?22 interstitials that are injected in the bulk
without any loop layer could be higher than
the calculated above. To answer this
problem the recombination velocities at the dislocation loop layer and at the oxidizing
interface should be known.
The time evolution of the dislocation loops was simulated using the model of Park and
Law [9] which is implemented in FLOOPS simulator. However, since this model
accounts only for circular loops, we assumed an effective radius for each irregular
prismatic loop requiring that the equivalent circular loop has the same area as the one
measured by TEM. By this way we create a distribution function that includes both loop
populations. This approximation results in a 10% error between the measured by TEM
number of bounded atoms and the one given as input value to FLOOPS. The values of
the supersaturation of interstitials at the loop layer was estimated from eq (2). As fitting
parameters for the simulator we used Klyoop (loop-interstitial reaction constant) and a
(Capture and emission cross-section).
Figure 2 shows the statistical distribution function of the loop radius after dry oxidation
at 850°C. We notice that there is a good agreement with the experimental results,
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Figure 2. Time evolution of the statistical ~ Figure 3. Number of bounded interstitials
distribution of dislocation loops. within the dislocation loops.

although the model implemented in FLOOPS is derived assuming only circular loops,
contrary to the experiments. This agreement is probably due to the fact that the relative
populations of bounded atoms in both type of loops does not change significantly. The
total amount of silicon atoms that are bounded in the dislocation loops as a function of
time is shown in fig.3. Again, we observe a good agreement between simulation and
experimental results. The extracted value for Klioop is 2.32 107 exp(-0.82/kT) sec”.

In summary, combining our experimental data with modeling and simulation we
estimated interstitial injection parameters in dry oxidation as well as the interstitial
capture efficiency of dislocation loops.
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