
Thin Solid Films 445(2003) 32–37

0040-6090/03/$ - see front matter� 2003 Elsevier B.V. All rights reserved.
PII: S0040-6090Ž03.01111-8

Raman studies of aluminum induced microcrystallization of n Si:Hq

films produced by PECVD

M. Rojas-Lopez *, V.L. Gayou , R.E. Perez-Blanco , A. Torres-Jacome , H. Navarro-Contreras ,a, a b c d´ ´ ´
M.A. Vidald

Centro de Investigacion en Ciencia Aplicada y Tecnologıa Avanzada (CICATA-IPN), Unidad Puebla, Pue. C.P. 72160, Mexicoa ´ ´
Universidad Autonoma de Ciudad Juarez, Cd. Juarez, Chi A.P. 1594-D, Mexicob ´ ´ ´

Instituto Nacional de Astrofısica, Optica y Electronica (INAOE), Tonantzintla, A.P. 51, Puebla, Pue. C.P. 72000, Mexicoc ´´ ´
Instituto de Investigacion en Comunicacion Optica (IICO), UASLP, San Luis Potosı, S.L.P. C.P. 78100, Mexicod ´ ´ ´

Received 23 October 2002; received in revised form 21 May 2003; accepted 29 July 2003

Abstract

We performed a Raman scattering study of aluminum induced microcrystallization of thin films of phosphorous-doped
hydrogenated amorphous silicon(n a-Si:H). These thin films of heavily doped n a-Si:H were prepared by plasma enhancedq q

chemical vapor deposition. Afterwards, aluminum was deposited and followed by an annealing process at 523 K in a nitrogen
environment during several hours. Raman results reveal the formation of microcrystalline regions distributed in the amorphous
matrix, induced by the film annealing in the presence of the aluminum. We have used the spatial correlation model to estimate
from the Raman signal the microcrystallite size and its relation with the annealing time. The estimated crystallite size was found
to be between 6.8 and 9.5 nm and the broadening and downshift of the signals are explained in terms of the crystallite size and
lattice expansion effects due to the annealing process. Conductivity values of the samples as a function of the annealing time are
explained in terms of the contributions from the amorphous and from the microcrystalline phases.
� 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Amorphous(a-Si:H) and microcrystalline silicon(mc-
Si:H) films are of great current technological interest
due to the possibility to use them in large area integrated
optoelectronic devices, such as thin film transistors
(TFTs) w1x, solar cellsw2x, diodes and bipolar transistors
w3x. In particular, dopedmc-Si:H films as p or n layers
w4x have received considerable attention because of their
high conductivity and low activation energy of conduc-
tivity. This kind of material also possesses interesting
superior properties such as high stability and improved
carrier mobility as compared to a-Si:Hw5x. However,
such properties depend strongly on the growth parame-
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ters as the substrate temperature and the chamber pres-
sure whose effects can create defects in material and at
the interfaces, which causes deterioration device per-
formance. Therefore, for device applications, it is nec-
essary to know better the microcrystallization process to
obtain reproducible high optoelectronic grademc-films
w6x.

The n a-Si:H films can be obtained from differentq

deposition methods, such as chemical vapor deposition,
sputtering and plasma enhanced chemical vapor depo-
sition (PECVD). The PECVD is the most popular
technique, since it supplies low defect density, high
doping efficiency films at low process temperaturew7x.
It is well known that the deposition of a metal onto the
a-Si:H film and its subsequent annealing induces micro-
crystallizationw8x. In this microcrystallization process it
has also been observed the formation of c-Si grains with
considerable grain growth when noble metals are present
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