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Abstract

The kinetics of light-induced defect creation in a-Si:H is studied in early-time limit and as function of pre-existing defects of different
thermal stability by electron spin resonance and optical spectroscopy techniques. Both for cw and for laser pulse exposures, the early-
time kinetics follows sublinear ¢# time dependences, similar to the long-time limit. In addition, the overall defect creation rate is not a
single function of the total defect number. Instead, it depends on the thermal stability, or annealing energy distribution, of the defects
present in the film. Furthermore, creation of the thermally less stable defects is unaffected by the presence of a large number of stable
defects introduced by pre-exposure at a higher temperature. These findings question the existing defect creation models. Thermal stability
of the light-induced defects depends on the network microstructure, the less stable defects being created in a-Si:H deposited near micro-

crystalline transition.
Published by Elsevier B.V.
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1. Introduction

The mechanism of light-induced photodegradation of a-
Si:H, or Staebler—Wronski effect, still presents a challenge
to the field since its discovery in 1977 [1]. The observed sub-
linear kinetics of Si dangling bond defect creation,
N~ %3 has been explained by defect creation rate
dN/dr that is regulated by the concentration of defects N
at a given moment ¢. The proposed feedback occurs either
by photocarrier recombination that is partially redirected
through the defect states [2], or by mobile hydrogen being
captured into defects instead of forming metastable H pair
complexes [3]. Both models finally arrive at a rate equation
of type dN/dr = A/N?, from which the sublinear kinetics
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N ~ %33 follows in the long-time limit, i.e. when N(7) sub-
stantially exceeds the initial defect concentration N(0). At
short times when N(7)/N(0) < 2, however, the above equa-
tion predicts approximately linear kinetics N ~ ¢. The
equation also implies that the defect creation rate is a func-
tion of a single number, A, the total defect concentration.
In the disordered a-Si:H, however, a variety of local envi-
ronments with different bond angles, lengths, and hydrogen
bonding structures, etc. suggests that dN/dz has wide distri-
bution leading to a dispersive behavior that might yield
kinetics ~¢* already in the short-time limit [4-6]. It has
been established that light-induced defects have wide distri-
bution of annealing energies [2], indirectly supporting the
above view. These two related topics, short-term kinetics
and the creation kinetics dependence on various ways of
composing the defect ensemble of concentration N by vary-
ing their thermal stability, are addressed in this work.
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2. Experimental

a-Si:H films were prepared in PECVD reactor at: AIST,
Tsukuba, at 100 MHz (VHF) using SiHy, referred in text as
‘VHF’ samples; University of Chicago at radio frequency
13.6 MHz (‘RF’ samples); Pennsylvania State University
at 13.6 MHz under R = 10 H,-dilution near the onset of
crystallinity (‘RF10’). Hot-wire CVD films from NREL
(‘HW’ samples) and expanding thermal plasma CVD films
from the University of Eindhoven (‘ETP’) were also stud-
ied. All films were deposited on glass or fused silica at sub-
strate temperature 250-300 °C and were between 1 and
2 um thick. VHF samples grown under SiH, pressure
0.1 Torr, as well as RF and RF10 were of device-grade
quality with ~5 x 10'> cm ™ Si dangling bond defect densi-
ties. More defective HW and TEP films exhibited larger
values (>10'® cm™%). Samples were photodegraded either
by filtered cw light at about 0.5 W/cm? [6], or by
J=650nm, 6ns, 1.4mJ/cm? incident laser pulses at
11 Hz repetition rate. Si dangling bond density was mea-
sured by electron spin resonance (ESR) with Bruker
EMX 6/1 spectrometer, photothermal spectroscopy
(PDS), and constant-photocurrent spectroscopy (CPM),
with special considerations for high reproducibility and
high signal to noise ratio.

3. Results

Fig. 1(A) shows Si dangling bond defect creation kinet-
ics in RF and HW samples under cw light. Subgap absorp-
tion o at photon energy 1.3 eV, normalized to its value in
the annealed state «,, was used as measure of defect con-
centration; o 3.y was measured by CPM and PDS in RF
and HW films, respectively. RF samples were exposed at
T =300 K (solid circles 1) and 4.2 K (crosses) at photocar-
rier generation rate G=4 x 10! cm™®s™' and measured
by CPM at the exposure temperatures [6]. RF films were
also exposed at 300 K at 1/14 and 1/40 reduced intensities
(solid circles 2 and 3). HW sample was exposed at 300 K at
generation rate 102 cm > s~ and measured by PDS (open
circles). Fig. 1(B) shows the same data as in Fig. 1(A), plot-
ted as change in defect density expressed by subgap absorp-
tion Ao/o, = (a0 — o). All the Ao/o, curves exhibit the
same power-law dependence on time with exponent
between 0.30 and 0.35. One concludes from Fig. 1 that
defect creation obeys this sublinear kinetics already at
newly created defect densities several times lower than
the native defect density. The latter is relatively low in
RF sample (x,~0.8cm™') but higher in HW film
(to~2.5cm™ ).

In Fig. 2, ETP sample was exposed by laser pulses at
T =300 K in two regimes: (1) starting from annealed state
(subgap uo(1.24eV)~49cm™') and (2) starting from a
strongly pre-degraded state created by laser pulse exposure
at elevated 7= 360 K for 5 h, resulting in high initial defect
concentration (¢, =24.8cm™'). Regimes 1 and 2 are
denoted by circles and triangles, respectively. Here, defect
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Fig. 1. (A) Increase in subgap absorption (1.3 eV) due to defect creation
in a-Si:H, as function of cw light exposure time 7.. Solid circles: exposure
of RF sample at 7=300K at photocarrier generation rate of
G=4x10""ecm™3s7! (curve 1), G/14 (curve 2), and G/40 (curve 3).
Crosses: exposure of RF sample at 4.2 K at G. Open circles: exposure of
HW film at 300 K at 2.5 G. All «(1.3 eV) are normalized by their initial
annealed state values o,. (B) Same data replotted as relative increases of
subgap absorption Aa/a,. Solid lines are guides to the eye; dotted lines are
power-law fits.
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Fig. 2. Changes in subgap absorption «(1.24 eV) due to defect creation by
laser pulses at 300 K in ETP sample. Solid circles: o(1.24 eV) as function of
exposure time 7, in Regime 1 (starting from annealed state); solid triangles
— same, for Regime 2 (starting from a state previously photodegraded at
360 K). Open circles and open triangles: increase in subgap absorption
Ao = o(t) — o(0) for Regimes 1 and 2, respectively. Solid lines are guides to
the eye; dotted lines are power-law fits. Inset: see text.
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