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Abstract—Hydrogenated amorphous silicon based devices 
lacks behind in their fruitful applications as it suffers from 
major drawback i.e. light induced degradation or S-W effect. 
Various theories or literature have been discussed so far, but 
exact mechanism is still an open challenge in research 
community. We report on light-induced structural changes in 
amorphous and micro/nano crystalline silicon by performing 
light soaking experiments for nearly 8 hrs. Under vacuum 
accompanied with the effect of annealing on these films. The 
electrical, structural and optical properties were analyzed with 
the use of dark and photo conductivity measurements, Raman 
spectroscopy, Scanning electron microscopy (SEM) and 
Photoluminescence studies. Using Raman spectroscopy, we
estimated the bond distortion w.r.t degradation percentage in 
samples. We observed that crystallinity as well as particle size 
are responsible for increase or decrease in degradation of 
photoconductivity. Having 72.25% crystallinity highly stable 
microcrystalline silicon films showed 1.44 % photo-degradation. 

Index Terms— amorphous & microcrystalline silicon,  
Staebler – Wronski effect, Light-Induced degradation. 

I.  INTRODUCTION 

The research on hydrogenated amorphous silicon (a-Si:H)
devices was started in 1976 by Carlson and Wronski with the 
development of PV devices [1]. Photo-induced degradation in 
amorphous silicon (a-Si) materials is a major problem which 
should be solved for fabrication of efficient & stable solar 
cells [2]. The origin of large structural changes in a-Si:H after 
light exposure is still unclear. Efforts have been made to 
understand and overcome this problem but not yet fully 
understood, there is no consciences among researchers on 
single mechanism responsible for explaining the nature of 
light induced defects in amorphous silicon [3, 4].  It was 
found that degradation was caused due to increased dangling-
bond defect density upon light soaking which reduces the 
lifetime of photo-excited free carriers with enhanced 
recombination through the electronic localized states formed 
by the presence of dangling bonds in the network, leading to 
deterioration of efficiency in a-Si:H based solar cells [5]. The 
dangling bond in amorphous silicon contributes to defects 
which arise due to distortion from the well ordered sp3

symmetry of crystalline silicon. These defects lead to 
undesirable electrical properties, resulting in electrons 
recombination center rather than contributing electric current. 
The drawback of a-Si:H can overcome upto certain extent by 
the use of micro/nano-crystalline silicon (μc/nc-Si:H).

Recently, microcrystalline silicon has attracted great interest 
for their potential applications most importantly that such 
solar cells do not suffer from the notorious light-induced 
degradation.  The most important features of microcrystalline 
film are its microstructures, e.g. the distribution of amorphous 
and crystalline phase or disordered regions including grain 
boundaries and voids within the film. The microcrystalline 
silicon has several nanometer-sized grains dispersed within 
amorphous silicon plus grain boundaries which increases the 
absorption of light and electron mobility results in good 
resistance to light-induced degradation under prolonged light 
illumination. Thus, mixed micro/nano crystallites embedded 
in amorphous matrix could be a solar material with high 
stability to light soaking over conventional amorphous films 
[6, 7]. It is understandable that on light soaking the
amorphous & crystalline volume fractions and grain boundary 
phases, attributed to the light-induced degradation in micro 
crystalline silicon films. Thus, it is important to understand 
light induced degradation in  mixed – phase microcrystalline 
silicon films, particularly as a function of crystalline volume
fraction and crystallites/particle size, so that arrest/minimize 
of photo-degradation in this material can be possible.

  
II. EXPERIMENTAL DETAILS 

Intrinsic mixed phase of a-Si:H and μc/nc-Si:H thin films 
were deposited on corning 7059 and TCO coated glass 
substrates using capacitively coupled plasma enhanced 
chemical vapor deposition (PECVD) technique at 60 MHz 
assisted VHF (very high frequency) power. Films were 
grown using SiH4 and Ar gaseous mixture at 200 °C substrate 
temperature while maintaining the chamber pressure at 0.25 
Torr and power 20W. The effect of variation of argon dilution 
was investigated systematically on deposition of μc/nc-Si:H 
films for obtaining various crystallinity in these films . Raman 
spectroscopy (LabRAM HR800 JY) with a He- Ne 633 nm
laser was used for the determination crystalline volume 
faction, particle size and angular distortion in the structural 
network. The particle size was also estimated using PL 
spectra. The thickness of deposited films was determined by a 
stylus based thickness profiler (Ambios XP 200, USA). Light-
soaking measurement was performed for 8 hrs. By monitoring 
photoconductivity (Keithley 617 programmable electrometer) 
of μc/ nc-Si:H films which were kept in vacuum (10-5 Torr) 
using 100 mW/cm2 illumination. A further check on the
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crystalline growth structure of such deposited μc-Si:H films 
were investigated by Scanning electron microscopy. 

. 
 

III.  RESULTS & DISCUSSIONS 
 

Raman spectroscopy is an efficient and sensitive technique in 
determination of small changes in crystallinity. Using Raman 
spectra, we also calculated distortions in structural network.  
Fig. 1 and Fig. 2 show the Raman spectra of deposited films 
before and after light-soaking. It is clear from figures that 
before Light soaking all films are microcrystalline in nature  
but after Light soaking shows that the microstructures in 
biphasic material  changes  to amorphous. Information about 
the crystalline volume fraction of the material is useful to 
scrutinize the stability of films [8] and information regarding 
size of nanocrystals is important to understand the role of 
quantum confinement of electrons [9]. These results indicate 
that the crystalline phase reduced and amorphous & grain 
boundary component increased after light soaking 
consistently. Interestingly after light soaking crystallite size of 
these films also reduced. Thus, there may be correlation exist 
between crystallite size and crystalline fractions with light 
induced photo-degradation, which needs to be investigated.  
 

 
FIG.1. Raman spectra of μc/nc-Si:H films before Light soaking. 

 

 
FIG. 2. Raman spectra of μc/nc-Si:H films after Light soaking . 

 
 
 FIG.3. Light soaking of samples at different crystalline fraction. 

 
From Fig. 3 it can be seen that there is an optimum crystalline 
fraction in the range 65% to 75% which showed lowest photo-
degradation (less than 20%). These films also contain large 
variation in particle size. It is well known that amorphous 
silicon degrade due to breaking of strained Si-H and Si-Si 
bonds.  The significant amount of photo-degradation observed 
in these microcrystalline films may be due to large strained 
network. Thus, lattice distortions (distortion in bond angle) of 
these films were also estimated using Raman spectra before 
and after light-soaking and the variation of lattice distortion as 
a function of crystalline volume fraction. 

 
 

FIG.4. Variation in particle size and degradation percentage                     
w.r.t crystalline volume fraction. 

 
It is observed that as crystalline fraction increases degradation 
percentage decreases. These films also contain large variation 
in particle size. Non-uniform distribution of particle size may 
leads to more stress and that may be responsible for photo-
degradation. So, we can say that photo-degradation not only 
depends on bonded/unbounded hydrogen content and 
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