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ABSTRACT

In this work we are interested in studying the effect of the heat treatments on the dopant segregation at the grain
boundaries in the polycrystalline silicon films. The obtained results have shown that the heat treatments reduce the
number of segregation sites at the grains boundaries, and consequently they limit the structural changes that can appear
there and the quantity of the dope atoms that can accumulate in these boundaries. In addition there are more and more
dopant that are found inside the grains when the temperature of the heat treatment increases. On the other hand, we es-
tablished that the arsenic atoms have a strong tendency to the segregation than the boron atoms, and we have noticed a
strong migration of arsenic atoms from the boundaries towards the grains under the effect of the heat treatments. It was
also shown that the segregation of arsenic atoms at the grains boundaries is about 4 times higher than that of the boron

atoms.
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1. Introduction

The circuit complexity and the more and more high de-
gree of component integration require continuous im-
provement and the mastery of the properties of the poly-
crystalline silicon [1-7].

In many of its applications, this material is subjected
to various heat treatments in order to increase the grains
size, to reduce the defects and allow the implanted ions
to occupy positions where they are electrically active. In
the frame work of this study we are interested in the ef-
fect of the heat treatments on the dopant segregation at
the grain boundaries of the polycrystalline silicon films
that are boron and/or arsenic doped and subjected to dif-
ferent heat treatments.

2. Experimental Conditions

In order to study the influence of the heat treatments on
the dopant segregation in the polycrystalline silicon,
measurements of Hall effect and resistivity were carried
out on Si-poly films whose thickness is 710> cm. These
films were doped with boron and/or arsenic (10" cm™)
by ionic implantation (180 kev). Heat treatments were
carried out before implantation at the temperatures of
1000°C to 1150°C during 120 mn. An annealing after
implantation at 1100°C for 30 mn permits the rearrange-
ment of the network atoms and the redistribution of the
dopant.
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If we admit, on the one hand that the annealing after
implantation that we have carried out allow the dopant
atoms in the grain to take position in the substitution sites,
and on the other hand that all these atoms are ionized at
20°C the concentration of the dopant atoms at the grains
boundaries will be equal to the difference between the
total concentration and that of the ionized atoms (atoms
in the grains)

Ngg=N—-Ng=N-Ng (D

Moreover the concentration of the ionized atoms is
equal to the sum of the concentrations of the free carriers
and the trapped carriers
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with,

N;: density of the trapped carriers;

L: grain size.

The apparent concentration of the free carriers was
obtained by Hall effect measurements for different heat
treatments. Thus we have to determine the concentration
of the trapped carriers for these same heat treatments.

For grains partially deserted by carriers and trap states
entirely filled, the height of the potential barriers of the
deserted regions is given by [8]:
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with,

O;: density of the trap states at the grain boundaries;

¢: dielectric constant of the polycrystalline silicon.

By replacing O, by N, and Nby N, in Equation
(3), one obtains the expression of the density of the
trapped carriers:
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If we substitute Equation (4) in Equation (2), we ob-

tain a quadratic equation in N, whose resolution gives
the expression of ionized atoms concentration:
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By comparing (2) and (5), we deduce the expression of
the concentration of the trapped carriers:
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The concentration of the trapped carriers for different
heat treatments is obtained after the determination of the
potential barrier height of the deserted regions £, from

the characteristics Logp = f(%j [9] by using the
resistivity equation given by Mandurah ef al. [10].

The Figures 1 and 2 show the reduction of the dopant
concentration in the boundaries when the temperature of
the heat treatments before implantation increases. Indeed
the heat treatments reduce the number of segregation
sites at the grains boundaries, and consequently, they
limit the quantity of the dopant that may accumulate in
these boundaries. We have noticed that there are more
and more dopant that are found inside the grains when
the temperature of the heat treatments increases. On the
other hand we established that the arsenic atoms have a
strong segregation tendency at the grains boundaries than
the boron atoms (about 4 times higher), and we have no-
ticed a strong migration of arsenic atoms from the boun-
daries toward the grains under the effect of the heat treat-
ments.

For the boron doping the dopants concentration in the
grains is always greater than the dopants concentrations
that are found at the grains boundaries, regardless of the
heat treatments temperature. In the case of the arsenic
doping we notice that there are many more arsenic atoms
at the boundaries than those inside the grains for the heat
treatments temperature lower than 1100°C.

The increase of the free carriers concentration with the
temperature of the heat treatments before implantation is
due to tow effects; the reduction of the trap states and the
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Figure 1. Concentration of the arsenic atoms in the grains
and at the grain boundaries vs. the heat treatments tem-
perature before implantation.
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Figure 2. Concentration of the boron atoms in the grains
and at the grain boundaries vs. the heat treatments tem-
perature before implantation.

segregation sites, leading to the freeing of some carriers
and the diminution of the quantity of dopant at the grains
boundaries. However the increase of the dopant concen-
tration in the grains with these same temperatures can be
attributed only to the reduction of dopant quantity at the
boundaries.

From Figures 3 and 4, we notice that the ratio Ngp/N
relative to the dopant average concentration diminishes
when the heat treatments temperature increases. This
diminution is more pronounced for the arsenic doping.
In these two figures, it is also shown that the increase of
the dopant proportion in the grains is low for the
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Figure 3. Ratio of concentration Ng/N and Ngg/N of the

arsenic atoms vs. heat treatments temperature before im-
plantation.
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Figure 4. Ratio of concentration Ng/N and Ngg/N of the
boron atoms vs. heat treatments temperature before im-
plantation.

temperatures below 1050°C, and then becomes more pro-
nounced for the too higher temperatures. The low varia-
tion, in the range 1000°C - 1050°C is explained by the
heat treatment effect after implantation (1100°C; 30 mn),
which increases the size of the grains, reduces the vol-
ume of the boundaries and displaces the dopant from the
boundaries towards the grains.

On the other hand, the heat treatment effect on the
films that were treated before implantation at T > 1050°C
is negligible.

Mei and Dutton [11] have shown that the dopant seg-
regation at the grains boundaries diminishes, in one hand
with the thickness of the polycrystalline silicon film, and
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on the other hand with the increase of the grains size.

Indeed, the growth of the grains, when the thickness of
the film increases or under the effect of a heat treatment
at high temperature [12], reduces the total volume of the
boundaries, and consequently the density of the segrega-
tion sites.

5. Conclusion

This study has shown that the heat treatments reduce the
number of segregation sites at the grains boundaries, and
consequently, they limit the structural changes that can
appear there and the quantity of dope atoms that can ac-
cumulate in these boundaries. In addition, there are more
and more dopant that are found inside the grains when
the temperature of the heat treatments increases. On the
other hand, we established that the arsenic atoms have a
strong segregation tendency at the grains boundaries than
the boron atoms (about four times higher), and we have
noticed a strong migration of arsenic atoms from the
boundaries towards the grains under the effect of the heat
treatments.
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