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Abstract In this work, we study the electrical character-
istics of polysilicon (resistivity, free carrier concentration
and Hall mobility of carriers), depending on the anneal-
ing temperature of implantation for films of polycrystalline
silicon having undergone a long heat treatment after implan-
tation, and also the secondary annealing temperature (900-
1100 ◦C) of longer periods. The results have shown that
the longer periods of secondary annealing have permitted
the improvement of electrical characteristics of our films
(decrease of the resistivity, increase of the free carriers
concentration and the carriers Hall mobility).
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1 Introduction

The direct conversion of solar energy into electrical
energy through solar cells remains an ongoing concern of
researchers [1, 2], in order to reduce their cost. The use
of polycrystalline silicon can achieve this goal. However,
the photovoltaic efficiency of solar cells made of this type
of material is limited by the presence of grain boundaries
(GBs) [3–5], which include dangling bonds, which repre-
sent states traps for minority carriers. The latter defects,
running as important recombination centers, are a serious
limitation in photovoltaic cell performances. Several tech-
niques were used to eliminate undesired impurities and
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realize the GBs passivation in order to improve the electri-
cal properties [6]. This can be done by heat treatments [7],
ion implantation [7–9] and hydrogenation [10–12].

In this paper, we present an experimental approach to
limit the extended GB by heat treatment in order to reduce
the defects and to allow the ions to be positioned in electri-
cally active centers [13].

2 Experimental

Polycrystalline silicon thin films were deposited by standard
low pressure chemical vapor deposition LPCVD at 620 ◦C
by SiH4 decomposition [14]. In our experiments we used
0, 7μm thickness samples, deposited on a mono-crystalline
silicon substrate of orientation <111>and resistivity 6 to
12 � .cm, with a thin layer (0.116 μ m) of silicon diox-
ide which was used to isolate the films from the substrate.
The films were doped by boron ion implantation (various
doses were undertaken, 1015 cm−2, 2.1015 cm−2; implan-
tation was effected by gaseous BF3). These films undergo
firstly for 120 min a high temperature treatment 1150 ◦C
before implantation and for 30 min a thermal annealing
(1050 ◦ C - 1200 ◦C) after implantation and for secondary
annealing temperature (900 ◦C - 1100 ◦C) for 27, 9, 3 and
0.5 hours, respectively. Measurements of the Hall effect and
the resistivity were carried out on these films.

3 Results and Discussion

Figures 1, 2 and 3 shows that the electrical characteristics
remain unchanged for annealed films after implantation in
the range of temperatures (1050 ◦C - 1200 ◦C), and they
vary only for temperatures above, this indicates that the
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Fig. 1 Resistivity as a function of annealing temperature after
implantation

average grain size remains constant for annealing temper-
atures lower than that of heat treatment after implantation,
and increases for higher temperatures. These variations are
explained by the fact that the rise in temperature increases
the resistivity of the neutral regions [15] and excites free car-
riers that pass more easily over the potential barrier, which
reduces the resistivity of regions of barriers. This is due to
the reduction of trap density of states and sites of segrega-
tion by the rearrangement of the network of joints and grain
growth, resulting in an increase in the concentration of free
carriers and the decrease in the height of barriers potential.

In this study, we chose boron as a doping element
because of its low tendency to segregation at the grain
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Fig. 2 Free carrier concentration as a function of annealing tempera-
ture after implantation
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Fig. 3 Hall mobility as a function of annealing temperature after
implantation

boundaries, and we took care to slowly heat samples (in the
annealed condition after implantation), to allow the atoms
doped that spread within the grain, to take their place back
at the grain boundaries.

The fast increase in the carriers mobility for the low
doping levels is explained by the strong reduction of poten-
tial barriers height of deserted zones. Indeed, in this range
of doping, in spite of the increase of the concentration of
the ionized atoms, the reduction of the potential barriers
height of deserted zones favors the increase of the carriers
mobility. When doping is increased, the potential barriers
height of deserted zones decreases less quickly, whereas
the concentration of the ionized atoms becomes more and
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Fig. 4 Resistivity as a function of secondary annealing temperature
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Fig. 5 Hall mobility as a function of secondary annealing temperature

more important. Thus, the mobility tends towards a max-
imal value then decreases as a result of the free carrier’s
dispersion by the ionized atoms.

The doping atoms concentration in the boundaries
reduces when the temperature of the heat treatments after
implantation increases. The heat treatments reduce the num-
ber of segregation sites at the grains boundaries, and conse-
quently, they limit the quantity of the doping atoms that may
accumulate in these boundaries.

Figures 4, 5 and 6 show a slight variation of the elec-
trical characteristics (decrease of the resistivity, increase of
the free carriers concentration and the carriers Hall mobil-
ity) when the temperature of secondary annealing decreases
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Fig. 6 Free carrier concentration as a function of secondary annealing
temperature

for increasingly longer times. These variations indicate that
there is a slight grain growth when the temperature of
secondary annealing decreases. We did not observe any ten-
dency of the boron segregation; this is due to slight grain
growth that would have masked the low segregation of
boron atoms at the grain boundaries.

This growth of the grains is explained by the increase
of the coefficient of silicon self-diffusion in the grains
boundaries. For the samples having undergone a long ther-
mal treatment before implantation (1150 ◦C; 120 min.), the
average grains size remained constant for lower annealing
temperatures after implantation, but it increases for higher
temperatures or for longer times.

4 Conclusion

We have investigated the influence of heat treatments on
the electrical properties of polycrystalline silicon films pre-
pared by LPCVD. The heat treatments before and/or after
implantation reduce the number of trapped carriers and the
amount of doping atoms at the grain boundaries. In addi-
tion, they decrease the resistivity. The secondary annealing
temperatures improve the electrical properties (resistivity,
free carriers concentration and the Hall mobility) of these
samples.
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