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The electrical parameters of the microelectronic devices are limited by the
presence of the grain boundaries, including dangling bonds, which can repre-
sent states with minority carrier traps. The improvement of photovoltaic ef-
ficiency requires a good understanding of the phenomenon of solidification,
which varies with temperature. In this work, we study the influence of the
annealing temperature and hydrogenation on the electrical conductivity and
resistivity. The changes in resistivity as a function of heat treatments show
that their overall contribution becomes important with increasing tempera-
ture before becoming dominant. The analysis by induced current shows the
effect of recombinant grain boundaries and electrical activity.

EnekTpuuni mapaMeTpu MiKpPOeJeKTPOHHUX HPHUCTPOIB 00MeKeHi HaaBHICTIO
M€K 3ePeH, B TOMY UMC/Ii 06ipBaHUX 3B SA3KiB, AKi MOMKYTD IIPEJCTABIATH CTA-
HU 3 ITaCTKaMU I HeOCHOBHUX HOCIIB 3apany. IlinBuienusa ¢otoesieKTpUY-
HOI e()eKTUBHOCTU BHUMAra€e XOPOIIOr0 PO3YMiHHSA SBUIA TBEPAHEHHA, SKe
BapiloeThCA B 3aJIelKHOCTI Bim Temmeparypu. Y mamHiii po6oTi MU BMBYAEMO
BILIMB TEeMIIEPATYPHU Bigmanay i rizpyBaHHA Ha eJIEeKTPOIPOBIAHICTL 1 muTOMMI
omip. 3MiHE THUTOMOro Oomopy AK (PYHKIII TepMiuHHX 00p00J/IeHh IIOKA3YIOTh,
110 1XHif 3araJbHUI BHECOK CTAa€ BaYKJIMBUM IIPU IIiABUINEHH] TeMIlepaTypH,
TepII Hi’K cTaTh JOMiHyBaJIbHUM. AHaJsi3a 3a iHIYKOBAHUM CTPYMOM IIOKAa3y€e
edeKT peKOMOIHAHTHUX MEJK 3€epPeH Ta eJIEKTPUYHOI aKTUBHOCTHU.
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KarouoBi croBa: moicmIiKOH, €JIEeKTPOIPOBiAHICTH, CTAHM IIACTOK, MeEXKi
3epeH.
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1. INTRODUCTION

As a critical part of studies on silicon-based solar cell development,
as widely reported recently, the techniques employed to characterize
polysilicon have been improved drastically. The polysilicon material
is used in many industrial applications such as microelectronic com-
ponents [1-3], integrated circuits and photovoltaic generators [4,
5]. Circuit complexity and large-scale integration of these compo-
nents require a constant upgrade to improve and control of the
properties of these materials [6, 7]. During material preparation,
polysilicon is subject to various heat treatments to reduce defects
and allow implanted ions to take positions where they are electrical-
ly active. The diffusion of dopants is generally much higher in the
grain boundaries than in grains [8, 9]. The importance of the aver-
age grain size in the polysilicon material depends on physical and
electrical properties of this material. This has driven us in this
work on the changes in electrical characteristics of polysilicon ma-
terial, subjected to different heat treatments.

2. EXPERIMENTAL PART

Polycrystalline-silicon thin films were deposited by low-pressure
chemical-vapour deposition (LPCVD) at 620°C by silane (SiH,) de-
composition. These processes are performed at a low (500 mTorr)
pressure and deposition ratio 45 A/min. The samples used in this
work were the 0.688 um thick polycrystalline silicon films deposited
on single-crystalline silicon substrate of orientation <111> and re-
sistivity from 6 to 12 Q-cm [10]. To isolate the polysilicon thin film
from the single-crystalline silicon substrate, a buffer layer of SiO,
of 0.116 ym thickness was deposited on the silicon substrate. De-
posited polysilicon thin films were irradiated with phosphor (P) and
arsenic (As) ions at a dose of 10'® cm ™ and energy of 180 keV. Heat
treatment was then applied to the samples for 120 min at a temper-
ature varying from 1000°C to 1150°C before the ion implantation.
The samples followed by another heat treatment after implantation
at a temperature between 1050°C and 1200°C for 30 min. These
heat treatments were followed by annealing at the end of the pro-
cess at 450°C for 30 min under nitrogen or hydrogen. Measure-
ments of the Hall effect and the resistivity were carried out on
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these films.

3. RESULTS AND DISCUSSION

Figures 1 and 2 show the reduction of the resistivity as a function
of annealing temperature before and/or after ion implantation.

As the annealing temperature increases, the disordered atoms at
the grain boundaries rearrange themselves and align along the pre-
ferred lattice sites, leading to the growth of the gain and, therefore,
resulting in reduction of the density of the trap states and the sites
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Fig. 1. Resistivity vs. the annealing temperature before implantation.
These samples were annealed for a period of 120 min.
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Fig. 2. Resistivity vs. the annealing temperature after implantation. These
samples were annealed for a period of 30 min.
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of segregation [11].

The reduction in the disorder and density of trap states implies
and explains the reduction in resistivity as shown in Fig. 1. Results
have been shown in scientific literature [12]. The decrease in the
resistivity with the increase in the annealing temperature is due to
the decrease in the density of defects, which are capable of diffus-
ing carriers at the grain boundaries, when the samples are annealed
at high temperature. These results in the decreased resistivity and,
therefore, the enhanced mobility of charge carriers as reported by
Mekhalfa et al. [13].

The strong reduction of resistivity in the samples doped with ar-
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Fig. 3. Conductivity vs. the annealing temperature.
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Fig. 4. Resistivity vs. the annealing temperature after implantation. The
samples underwent annealing before implantation at 1150°C for 120 min.
Dashed lines represent the curves of the samples, which were subjected to
an annealing under hydrogen at the end of the process.
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senic (As) implies a significant increase in the density of dopants,
which interact inside the grains, when the temperature of annealing
increases as compared to the case of the doping with phosphor as
shown in Fig. 2. On the other hand, the diffusion of the arsenic at-
oms from the boundaries toward the inside of the grains is more
important than that of the phosphor as shown in Fig. 2.

The variation of the conductivity as a function of annealing tem-
perature is presented in Fig. 3. From Figure 3, it can be seen that
the slope of the curve is negative, and it decreases when the anneal-
ing temperature increases. With the increase in temperature, the
resistivity of the neutral regions increases [14] and excites the free
carriers, which easily overcome the potential barriers with increased
mobility and, thus, reduce the resistivity of regions of barriers. The
change in the conductivity can also be attributed to the reduction of
the density of the trap states and the segregation sites as a result
of the rearrangement of the network of joints and the growth of the
grains; this leads to increase in the free-carriers’ concentration and
reduction in the height of the potential barriers of deserted areas
[15]. Concurrent to this, the I-V characteristics of the polysilicon
samples with hydrogen passivation shows a systematic improvement
that has been demonstrated in the literature [16—18].

Figure 4 shows that the resistivity of the polycrystalline samples
annealed after implantation in the temperature range from 1050 to
1150°C remain unchanged and decreases sharply at 1200°C. These
samples were subjected to an annealing under hydrogen at the end
of the process. This indicates that, in temperature range between
1050 and 1150°C, the average grain size remains unaltered. The
grain size increases thereafter at higher temperatures. We find that
hydrogen reduces the resistivity and improves the mobility. Honda
et al. [19] have shown that hydrogen passivation is essential for im-
proving the properties of polycrystalline-silicon thin films.

4. CONCLUSION

The aim of this work is to study the effect of annealing tempera-
ture on the resistivity of the polysilicon thin films by activating
and redistributing the implanted dopant atoms.

The polysilicon films doped by ion implantation with arsenic or
phosphorus with an average dopant concentration of 10" cm™ were
studied. The resistivity was negatively correlated with the anneal-
ing temperature before and/or after both P and As ion implanta-
tion. The resistivity dropped significantly for the samples with ar-
senic ion implantation. On the other hand, the resistivity is signifi-
cantly higher in polysilicon films doped with arsenic than in phos-
phorus-doped films for the same dopant concentration.
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The Hall mobility of phosphorus-doped polysilicon films was also
found higher than that for films samples implanted with arsenic.

We found that hydrogen passivation is essential for improving
the properties of polycrystalline-silicon thin films.
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