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Light-Induced Degradation of Hydrogenated
Amorphous Silicon
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Abstract

This paper presents the light-induced effects on the electrical and optical properties of undoped
and doped hydrogenated amorphous silicon films. The changes in the conductivities and the
activation energies of various types of a-Si:H films due to the prolonged exposure to light have
been characterized as a function of deposition conditions and illumination periods. The dark
conductivity changes may be quenched for heavier doped a-Si:H films. We have also analyzed the
variations of micro-structure of a-Si:H film such as silicon-hydrogen bondings in the rocking and
stretching modes utilizing infrared spectroscopy. From the experimental results, it is elucidated
that doping effects must be crucial to the degradations of the fundamental properties of a-Si:H
due to light-induced effects.
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(Dept. of Electrical Eng., Seoul Nat'l Univ. ) I. Introduction
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(Dept. of Elec. Eng., Seoul Natl Univ.) Hydrogenated amorphous silicon (a-Si:H) has

attracted a considerable interest due to an excel-
lent photoconductivity and high optical absorp-
tion coefficients!’?!. A fairly uniform a-Si:H with
a large area can be deposited by various methods
Inter-University Semiconductor Research Center such as sputtering, ion<luster beam, CVD, rf and
at Seoul Nat'l University, Seoul, Korea. ) dc glow discharges, and photo-CVD. It is well
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known fact that rf glow discharge and photo-CVD
produce high quality a-Si:H films!36! | Doping of
either n- or p-type can be also realized in-situ by
controlling doping gas flow. Our paper deals with
a-Si:H films deposited by rf glow discharge which
is most widely used.

The electrical and optical properties of a-Si:H
may be controlled by deposition methods and con-
ditions. The properties of a-Si:H films may be
potentially affected more readily by the interac-
tions with induced photons because of its inherent
bonds,voids, internal surfaces and stresses. Special-
ly the application of a-Si: H to terrestrial photovol-
taic power generation renders the effects of pro-
longed exposure to light extremely important.
Light-induced effects on a-Si:H films and the stabi-
lity of thin film devices have been investigated in-
tensively. However, most of previous researches
have been centered on the degradation of undoped
a-Si:H films, probably due to the fact that undop-
ed a-Si:H layer plays a dominant role to deter-
mine the performances of widely used a-Si:H
P-I-N solar cell. It has been reported[” 2] that
prolonged illumination causes a considerable drop
in the conductivities, whereas the conductivities
have been restored closely to the initial value by
the thermal annealing at 150 — 200°C. However,
light-induced effects on doped a-Si:H films have
been scare in the literature. The built-in potential
of P-N device depends on the Fermi level of doped
layers and the characteristics of solar cells may be
controlled by doped as well as undoped layers(13],

In this paper, we have investigated the photo-
induced effects on the electrical and the optical
properties of doped (n- and p-type) and undoped
a-Si:H deposited by rf glow discharge. The degrad-
ation of dark and photoconductivities of undoped
and doped a-Si:H due to prolonged exposure to
light were characterized as a function of deposi-
tion conditions and illumination periods. We also
examined the activation energies of light-soaked a-
Si:H films by I-V-T measurements. The photo-
induced effects on the bonding structurel14lof a-
Si:H films were also analyzed with illumination
time from infrared spectra of those films. It has
been attempted to correlate various experimental
results for the purpose of interpreting the light-
induced effects.

II. Deposition Details of Undoped and Doped
Hydrogenated Amorphous Silicon
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Undoped and doped hydrogenated amorphous
silicon films have been deposited by PECVD
(plasma-enhanced chemical vapor deposition)
technique employing rf (13.56 MHz) glow dis-
charge. As has been well known, the discharge-pro-
duced films have a low density of dangling bonds
and correspondingly good photoconductivity and
carrier lifetimes because the rf glow discharge of
silane forms an amorphous solid still rich in hydro-
gen!™

PECVD system was capacitively coupled one
and a-Si:H films were deposited on various sub-
strates such as silicon wafer, stainless steel, indium
tin oxide (ITO), corning glass. The substrates were
loaded on the upper electrode which was grounded
in order to reduce ion bombardment caused by
self-bias. The upper electrode was rotated with a
low speed of 5 rpm. in order to enhance the lateral
uniformity of deposited a-Si:H. The applied rf
power density was varied from 0.02 to 0.06 W/
cm®. The distance between the electrodes was
about 2 inches. Phosphorus and boron doped a-
Si:H with the doping ratios of 0.05 - 1% defined
by the volumetric ratio of PH3 or B, Hg to SiH,
input gases were deposited and accurately control-
led using mass flow controller.

III Experimental Results and Discussion

1. Conductivity changes due to prolonged
illumnation

The conductivity as a function of time before,
during, and after optical exposure of sample has
been measured. The conductivities were obtained
from I-V characteristics of sandwich type a-Si:H
films deposited with the structure of Al/a-SiH/ITO.
Aluminum electrode with 0.5um of thickness was
deposited on a-SiH film of which was about 0.25
um and ohmic behaviors were observed up to 5
volts. Optical exposure was done with light from a
tunsten lamp (ELH) focused onto ITOcoated glass.
The Light was filtered to pass the wavelength
range of 550-560 nm where the radiation was
fully absorbed through this sample. The incident
power density was about 100 mW/cmz.

It was found that the degradations of conducti-
vities due to prolonged illumination depended on
the types of a-SiH. Fig. 1. shows the conductivity
variations of undoped a-Si:H as a function of illu-
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Fig.1. The degradations in dark and photocon-
ductivity of undoped a-Si:H film due to

prolonged illumination.

mination time. The dark conductivity (op) de-
creased rapidly at first and was saturated after 100
minutes of illumination. The ratio of dark condu-
ctivity in stable initial state before light exposure
to that in metastable state after 60 minutes of con-
tinuous illumination were about 200 - 220. At the
same time, the photoconductivity (oph ) also de-
creased by about half of initial value with elapsed
illumination time. The degradation of photocon-
ductivity may be caused by the reduction of dif-
fusion length and thus deteriorate the perform-
ances of a-Si:H solar cells116:17]

The light-induced changes in the conductivities
of either phosphorus or bornon doped a-SiH films
deposited at the identical substrate temperature of
250°C were shown in Fig. 2 (a, b) and Fig. 3 (a, b).
The decay rates of dark conductivities due to pro-
longed illumination were about 50 - 55,6 - 7 for
0.05 and 1% PH; doped a-Si:H and about 90 - 95,
7 - 8 for 0.05 and 1% B, Hg doped a-Si:H respecti-
vely. However, the changes in photoconductivities
of doped samples were negligible enought not to
be detected. These experimental evidences give
such a consideration that induced effects on the
conductivity changes may be quenched for heavier
doped a-Si:H films. That is the reason why the
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Fig.2. The light-induced changes of dark and
photoconductivity of phosphorus dopd a-
Si:H films as a function of illumination
time: (a) 1% PH; doped; (b) 0.05% PH;
doped a-Si:H films respectively.

densities of light-induced defects in heavier doped
films are too small to overcome the pinning of Fermi
levels by the significantly larger amounts of donors
and acceptors. Consequently, it may be concluded
that the rate of transition from thermally stable
state to metastable state depends strongly on the
types of a-Si:H films.

2. Temperature dependence of the dark
conductivity of a-Si:H inthe light-soaked state

As shown in section III-A, the decrease in the
conductivity due to prolonged illumination may be
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caused by the fact that the creation of metastable o Eas0.54ev
defects decreases the density of free carriers. § 6 4
Decay of free carriers results in the shift of Fermi e
level of a-Si:H, that is, the decrease of conductivi- gt ®.0i 1%y  60mn
ty causes the increase of activation energy which 4187003 %PHs
can be described as following form (18491 10 T — 3% 75

o, = ooexp(—Ea/kT)

The conductivity prefactor 0g depends on the car-
rier mobility and on the density of states at some
energy. £, is the activation energy which depends
on the temperature and indicates the position of
Fermi level with respect to the bottom of the con-
duction band for n-type and with the respect to
the top of valence band for p-type respectively.
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Fig.5.

[La%a aWh SrR 1V

The changes of activation energies due to
prolonged illumination for 1% (®.Q) and
0.05% (a.n) PHy doped a-Si:H films.
F p and B represents the activation energy
and before illumination respectively.
Numbers indicate illumination time.
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Fig.6. The changes of activation energies due to
prolonged illumination for 1% (®.0) and
0.05% (a.») B,Hg doped a-Si:H. E,
and B represents the activation energy
and before illumination respectively.

Numbers indicate illumination time.

Fig. 4,5 and 6 show that the temperature de-
pendences of the dark conductivities of undoped
and doped a-Si:H films depend on light exposure.
The dark conductivities were measured at temper-
ature range from room temperature to about
100°C. The durations of temperature during the
measurements were too low to cause any change in
metastable state. As seen by the increase of the
slopes in Fig. 4,5 and 6, the activation energy in-
creased by about 0.08 eV for undoped and 0.02-
0.06 eV for PH; and B,Hg doped a-Si:H films
respectively, which indicates the displacement of
the Fermi level away from the electron (or hole)
mobility edge. The fact that the rate of activation
energy increase is larger in undoped a-Si:H than in
doped a-Si:H film may give an experimental evid-
ence to the light-induced effects on the conducti-
vity changes of different types of a-Si:H films as
discussed in section III-1.

From this experiment, it was also found that
prolonged illumination has affected the values of
conductivity prefactor gg as well as £ @ Which was
evidenced in Fig. 7 (a) and(b).These results were
obtained from the exponential dependence of 0¢
on E,, known as the Meyer-Neldel rule, A similar
exponential dependence of 0¢ on Eg has been
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induced effects for various types of a-Si:H
films: (a) undoped and phosphorus doped
a-Si:H; (b) boron doped a-Si:H films
respectively:  Numbers (30min. and
60min.) indicate the illumination time.

observed for both undoped and doped a-Si:H.
However, the simultaneous increase in both g¢ and
E, was observed with illumination elapsed. Such
opposing effect of g and E, on the conductivity
change indicates that the dynamics of the conduct-
ivity decreases are not simply related to the photo-
induced defects but related to complex mechanism
of various types of defects. The reasons for the
changes in 0¢ and £, caused by light exposure



have not been clear yet. However, it can be con-
cluded ‘from above experimental results that the
danging bond centers are created by prolonged
bandgap illumination even though it is not clear
whether the same metastable defects are reponsi-
ble for these all results.

3. Reversible changes in SiH absorption

In order to investigate the micro-structural

changes of a-Si:H films due to the prolonged ex-
posure to light, we have measured infrared spectra
in the wavenumber of 2500 - 400 ¢cm ~! (corres-
ponding to the wavelength range of 4 - 26 um) of
those films before and after illumination. Infrared
spectroscopy has been used to determine the dens-
ity of molecular species in a-Si:H by measuring the
characteristic frequency which depends on both
the mass of the oscillating dipole and the strength
of the bond between the atoms comprising the
dipole. The types of vibrational modes for a-Si:H
and their frequencies have been reported as
follows[ 14,20 . the absorption near 2000 and
630 cm™! due to SiH stretching and rocking modes
respectively, the weaker bands between 800 and
900cm™! due to SiH, or SiHj; vibrational modes,
and absorbing SiOx mode in the 1100-1000 cm™!
region. Among these modes, the silicon-hydrogen
bondings have been considered to be important
in that the role of hydrogen must be crucial in
determining the properties of a-Si:H.
1000 cm™! region. Among these modes, the sili-
con-hydrogen bondings have been considered to be
important in that the role of hydrogen must be
crucial in determining the properties of a-Si:H.

In our experiment, the variations of relative
SiH absorption at both stretching and rocking
mode due to prolonged illumination have been
measured for undoped and doped a-Si:H films as
shown in Fig. 8, 9, and 10. After 4 hours of illu-
mination, SiH absorptions of undoped a-Si:H film
decreased substantially at both two modes as seen
in Fig. 8. However, by annealing the light-soaked
films at 180°C for 30 minutes, it was restored
nearly to its initial value before illumination. As
also seen in Fig. 9 and 10, the similar effects of
light exposure on SiH absorption were observed in
either phosphorus or boron doped samples, where-
as the decay rates of SiH absorption were larger
for undoped a-Si:H than those of doped a-Si:H. It
was noticeable that the light-induced changes in SiH
absorptions exhibited the similar trends with the
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Fig.9. The light-induced changes in SiH abscrp-
tion at rocking (630 c¢m™!) and stretching
(2000 c¢m™') modes of n-type (1% and 0.05
PHy doped) a-Si:H films: B represents
before illumination and Ann. indicates
the thermal-annealing at 180°C for 30
minutes respectively.

conductivity changes due to prolonged illumina-
tion as examined in sectionIII-1. However, neither
of changes in optical absorption coefficients nor in
optical bandgaps of those films were detected
from the visible absorption measurements.
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for 30 minutes respectively.

IV. Conclusions

We have investigated the light-induced effects
on the electrical properties such as conductivities
and activation energies of doped and undoped a-
Si:H films, At the same time, the changes in SiH
absorptions at stretching and rocking modes due
to light exposure have been characterized. The ex-
perimental results are summarized in table 1.

As seen in table 1, the dark and photoconducti-
vities of undoped a-Si:H film decreased substanti-
ally after prolonged illumination. However, photo-
conductivities of heavily doped (1% of either n- or
p-type) a-Si:H films did not decrease much,
whereas dark conductivities of those films degrad-
ed significantly. We also found that the changes of
activation energies were closely related with the
degradations of conductivities, The degradation of
conductivity with light exposure may be account-
ed by the reduced carrier lifetime and mobility.
However, we confirm that light-induced effects on
the conductivities and the activation energies may
also be due to the decreases of SiH absorptions at
stretching and rockiong modes as evidenced by in-
frared spectra results, whereas the optical absorp-
tion coefficients and the optical bandgaps of a-
Si:H films have not changed after illumination.
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Table 1. Experimental results regarding to the
effects of prolonged illumination on the
conductivities, the activation energies,
and the relative SiH absorptions of
different a-Si:H films.

types of a-Si:H ap |ome | AE eV | (2000) |a,(630)°

fT5=250t} O, s Tph. s (Eu"Eu) Uj(zom) 0/(630)
1% 6-7 1.02 0.021 L5 1.2

PH, -doped
0.05% | 50-55 | 1.15 0.062 3.5 2.1
1% 7-8 | 1.08 0.049 3.3 2.0

B, H,-doped
0.05% ] 90-9%5 | 1.24 0.056 6.0 3.0

undoped 20-220] 2.47 0.084 7.7 4.5

% gyi/ds, and oy /o, refer to the decav rate of dark and
photoconductivity due to prolonged illumination repectively.

b AE,(E,,—E,.) indicates the increment of activation energy due to
prolonged illumination.

€ 4, (2000) /a,{2000) and a, (630) /e, (630} refer to the -atio of SiH
absorption before illumination to that after 60min. of llumination at the
stretrching (2000cm ™) and the rocking(630cm ') mode respectively.

d e subscripts i and [ refer to the paraments measured before
illamination and after 60min. of illumination respectively.

Light-induced effects on the electrical and the
optical properties have been reduced with increas-
ing doping levels. It is concluded that the doping
levels of a-Si:H films may be crucial to the rates of
variations in conductivities, activation energies,
and SiH absorptions due to prolonged illumina-
tion.
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