Available online at www.sciencedirect.com

sc.ENCE@D.RECT®

Computational Materials Science 32 (2005) 217-222

COMPUTATIONAL
MATERIALS
SCIENCE

www.elsevier.com/locate/commatsci

A modelling and multiobjective optimisation study of the
light induced degradation parameters influencing the
variation of distribution of annealing activation
energies in a-Si:H

Ozgiir Yeniay **, Alp Osman Kodolbag °

& Department of Statistics, Hacettepe University, 06532 Beytepe, Ankara, Turkey
° Department of Physics Engineering, Hacettepe University, 06532 Beytepe, Ankara, Turkey

Received 3 March 2004; received in revised form 23 June 2004; accepted 13 August 2004

Abstract

We have utilized multiple linear regression analysis using up to date distributions of annealing activation energies
given in the literature in order to investigate the variation of these distributions with light induced degradation para-
meters as light intensity, degradation duration and degradation temperature in a-Si:H. We have also optimised these
parameters using multiobjective optimisation method. Results we have obtained are in a way, complementary and in
accord with suggestions in our previous works [J. Non-Cryst. Solids 255 (1999) 132; Mater. Sci. Eng. B 95(1) (2002)
67], where we have showed both at room temperature and at low temperatures defects with higher annealing activation

energies are created at higher light intensities.
© 2004 Elsevier B.V. All rights reserved.

Keywords: a-Si:H; Staebler—Wronski effect; Regression analysis; Model fitting; Optimisation; Distribution of annealing activation

energies

1. Introduction

Light induced degradation of the optoelectronic
properties of hydrogenated amorphous silicon
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(a-Si:H) is one of the most challenging problems
in the field of amorphous semiconductors. Illumi-
nation with strong light creates metastable dan-
gling bonds (DB), which are indistinguishable
from native DBs originally present in the mid-
gap of the material. These metastable defects can
be completely annealed at temperatures above
170°C [1,2]. Accordingly, creation as well as
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annealing of these metastable defects was studied
as a function of illumination intensity, illumina-
tion duration and their effect on a range of proper-
ties of the material at various illumination
temperatures [2-8].

Distribution of annealing activation energies
(DAAE) is a valuable tool that distinguishes the
metastable defects from one another in terms of
the height of the barriers between stable and
metastable states [4-8]. A wider full width at half
maximum (FWHM) of distribution of annealing
activation energies are needed to account for the
annealing behaviour of the defects created at low
temperatures [3-5,7]. This distribution is described
by a narrow peak at about 1.1eV for room temper-
ature degradations [1,3,5,8]. In one of our previous
works, [7] we have confirmed that at low tempera-
tures, light induced defects with lower annealing
activation energies are created at the earlier stages
of the illumination. In another previous work [§]
for the defects created at room temperature, we
have suggested that more stable light induced de-
fects are created at longer illumination durations
or at higher light intensities, shifting the peak
value of the distribution of annealing activation
energies from about 1eV to 1.1eV.

The growth parameters of the glow discharge
a-Si:H are not definite: these parameters show con-
siderable difference for the so called ‘“device
quality film” from one laboratory to the other.
And also, light induced degradation of the a-Si:H
films are studied using a variety of experimental
conditions. Although, the nature of degradation
is expected to be similar, these make it difficult
to compare the observed light induced changes be-
tween the samples or with the properties of the
sample. We have utilized multiple linear regression
analysis to elucidate the dependence of distribu-
tion of annealing activation energies given in the
literature on the light induced degradation param-
eters like continuous wave (cw) illumination inten-
sity, illumination duration and illumination
temperature. The importance of the present work
becomes emphasised considering the difficulty in
obtaining such time-consuming annealing meas-
urements and the scarceness number of similar
works in the literature. Results we have obtained
are complementary with our previous studies and

in a different way prove our suggested expectations
[7.8].

2. Modelling and optimisation
2.1. Polynomial regression

An existence of a non-linear relationship among
the variables involves investigating polynomial
regression equations. kth order polynomial regres-
sion equation with only one regressor variable is as
follows:

Vi=Bo+Pixi+Pox; + -+ Bxt e i=1,...n
(1)

By setting x; =x;,xo =x7,...,x4 = x5, Eq. (1)
may be represented as

Vi=Bo+Bixia+Bxo+ -+ Bxute i=1,....n

(2)
In this equation, y; is the response variable,
Xi1,. .-, Xy are the regressor variables, fo,.. .,k

are the regression coefficients to be estimated, e;
is an error term and 7 is the sample size. The usual
method of estimation for the regression model is
the ordinary least squares (OLS) [9]. Thus, the fit-
ted OLS regression model is given by

Vi=bo+bixy+-+bxy i=1,....n (3)

Here, y; is the predicted value using the multiple
linear regression model, by, .. ., b, are the predicted
coeflicients. by, by, . . ., by are the solution from min-
imizing the sum of the squares of the differences
between the actual and fitted values of y, i.e.,
Z(yi - j/i)z (4)
=1

A possible order of polynomial given in Eq. (1) can
be determined by using backward elimination
method [10]. This method begins with the model
containing all regressors and higher order terms
and then successively eliminates one at a time. At
each iteration, a partial-F statistic is computed
for each of the variables currently in the model.
If the smallest partial-F value is smaller than or
equal to F, for some predefined o (say « = 0.05),
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