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Interface States of Grain Boundariesin Polycrystalline Si Films
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Abstract

Polycrystalline Si films are a promising structural material for microsensing devices. On its application,
mechanical fatigue phenomena may be worrying in view of long-term reliability. For revealing its mecha-
nism, it is necessary to understand the structural behavior of its correlative grain-boundaries (GBs). In the
present study, using an admittance spectroscopy technique, we have systematically clarified the formation
process and the thermally induced behavior of interface states of GBsin chemical vapor deposited amor-
phous films during thermal annealing. Asaunique trial, we have also investigated the correlation between
the GB states and the mechamical properties using the polycrystalline Si membranes. The results indicate
that a deeper energy shift of the GB statesis caused by an external stress and that its quantity depends on
Young's modulus of the films. We expect that our findings contribute to the solution of fatigue problems of
polycrystalline Si filmsin the near future.
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Fig. 1

Cross-sectional TEM images of the Si films.
(a) 600°C0O 1h, (b) 600°C0O 2h, (c) 600°CO
12h
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Fig. 2 Raman spectraof the Si films annealed at

600°C for varioustime. The measured data (-)
are fitted with one or two lorentzians (. -).
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Table 1 Survey of GBs states observed in the
crystallized Si films annealed in various

conditions.
Annealing  Gap position  GBs trap Capture
condition Ec-Egb density  cross-section
(meV) (cm2-eV-1) (cm?)

as-depo. - — -
600°C- 1h 107 4.0x 1012 1.9% 1020
600°C-2h 326 5.7x1012 1.5% 1016
600°C-3h 466 7.8 x 1012 1.0x 1013
600°C-5h 468 9.1 %1012 1.5x10-13
600°C-12h 493 7.8 %1012 23x1018
600°C-24h 503 7.4 %1012 32x101
800°C-1h°* 351 6.2x1012 23X 1015
900°C-1h* 417 6.6%x1012  1.8x101
1000°C-1h°* 436 7.4 x 1012 1.5x 1014

*) second anneal after 600°C - 12h
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Fig. 3  Energy distribution of the GBs states in the

crystallized Si films annealed in various
conditions. (a) annealed at 600°C for various
time (b) second-annealed at various
temperature after annealing at 600°C for 12h
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Table 2 Internal stressand Young's modulusin the
crystallized Si films annealed in various

conditions.
Annealing Internal stress  Young’s modulus
condition (MPa) (GPa)
600°C-24h 391 132
700°C-2h 368 136
1000°C- 1h 78.3 252
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Fig. 4 Interfacia energy level of GBs statesin the
crystallized Si films annealed in various
conditions with / without external stress of

300M Pa.
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Fig. 5 Young's modulus and external stressinduced
energy shift of GBs statesin the crystallized Si
films annealed in various conditions.
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