Defect generation and annihilation in hydrogenated amorphous silicon
during plasma treatment
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Abstract: We study the defect kinetics in hydrogenated amorphous silicon (a-Si:H) during
hydrogen (H,) and argon (Ar) plasma treatments. The generation and annihilation of
electronic defects are monitored via in-situ photocurrent measurement. The defects are
generated by the radical species such as H atoms for a H, plasma and metastable Ar atoms
for an Ar plasma. The Ar" ion bombardment creates the residual defects. The residual
defects are partially recovered by an additional H, plasma and postannealing treatment.
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1.Introduction

Electronic defects in semiconductor devices play
important roles in the device performance and reliability
[1,2]. The defects are often generated during device
fabrication, where a variety of plasma processing are used
for thin-film deposition, etching, dopant implantation and
surface modification. Most of the defects are annihilated
by post-annealing. However, some defects remain in
devices, restricting the device performance and reliability.
During plasma processing, the electronic defects can be
generated near the material surface for several reasons
(Fig. 1). The surface is exposed to ion bombardment,
photon irradiation, and radical exposure. The ion
bombardment leads to surface strain and loss of matter by
sputtering events, which results in the formation of
defects. Some energetic ions may penetrate into certain
materials, where they are neutralized and behave as
impurities. The photon irradiation generates dangling
bonds by breaking the weak-bonds in materials. The
radical exposure is expected to generate defects, by
transferring the internal energy to the surface atoms
and/or chemically reacting with the lattice atoms.

2. Experiment

We prepare samples with four different structures by
placing glass or quartz over a-Si:H film. Sample A is an
uncovered a-Si:H film, and the film is thus exposed to
ions, radicals and photons generated by the plasma.
Sample B is an a-Si:H film covered with glass and with a
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Fig. 1. Defect generation during plasma processing[5].

bombardment on the a-Si:H film. Sample C is an a-Si:H
film covered with glass and sealed completely with
ceramic paste. This prevents the exposure of the a-Si:H
film to radicals, and the film. Sample D is an a-Si:H film
covered with quartz glass and sealed with ceramic paste.
The a-Si:H film is exposed to VIS, UV, and also vacuum
UV (VUV) photons.

The plasma-treatment experiments are performed in
capacitively coupled 60-Mhz VHF discharges in a parallel
plate configuration[3,4]. The sample is placed on the
electrically grounded electrode, and heated at a
temperature T in the range from 120 to 240 C. Either H,
gas or Ar gas is introduced into a vacuum chamber. The
gas pressure is set at 0.3 Torr by regulating a gas flow rate
of 50 sccm. The discharge is maintained by supplying a
VHF discharge power Py ranging from 3W to 50 W.

A a-Si:H film is illuminated with a 520-nm-wavelength
laser operated at 1 mW. The photon energy of the laser
light hv is 2.38 eV, which is larger than the band gap of a-
Si:H (1.70 eV). The photogenerated carriers are collected
by the interdigitated contacts, which are biased at 10 V
(dc) with respect to each other. The electrons are mainly
collected by the contacts since the mobility of electrons is
much larger than that of holes. The intensity of the laser
light is modulated to 1.111 kHz, and the photocurrent
signal oscillating at this frequency is extracted by a lock-
in technique. The lock-in time constant is set at 100 ms.
By use of this lock-in technique, the laser-induced
photocurrent is distinguished from plasma-generated
currents such as plasma-emission-induced photocurrent
and ion current.
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Fig. 2. Time evolution of photocurrent in a-Si:H film
for sample A during plasma and post-annealing
treatments [5].



3. Results & discussion

Figure 2 shows a time evolution of the photocurrent, I,
in an a-Si:H film for sample A during the plasma
treatments and postannealing [5]. We find that each H,
and Ar plasma treatment causes a strong reduction in I,
typically by one order of magnitude. The reduction in I,
takes place immediately after initiating the
discharge/treatment; the decay time of I, is less than 100
ms, which is limited by the lock-in time constant. The
observed strong reduction indicates the generation of
defects, i.e., the plasma-induced defects. Since I, «c 1/ng,
the defect density is expected to be increased by one order
of magnitude during the plasma treatment.

Once the discharge/treatment is terminated, I, is
increased with time, showing a defect recovery trend.
Interestingly, this recovery behaviour of I, depends on
either the H, or Ar plasma treatment performed before.
For the H, plasma treatment, I, returns completely to the
initial level after annealing. On the contrary, it does not
return to the initial level for Ar plasma treatment; I,
returns only 20 % of the initial level. The results suggest
that the H, plasma-induced defects are annihilated
completely by annealing, whereas the Ar plasma-induced
defects are not, and some of these defects remain in the
film. However, these remaining defects, i.e., the residual
defects, are mostly annihilated by additional H, plasma
and postannealing. This result suggests that the H, plasma
treatment is beneficial for the annihilation of Ar plasma-
induced residual defects.

Figure 3 shows an example for the time evolution of I,
under the photon irradiation of a H, plasma at various
discharge power [5]. From the experiments of the photon
irradiation, we can make the following brief conclusions.
Firstly, the VIS photons generate less defects than those
of UV photons. Secondly, the UV photon-induced defects
are increased with the UV photon flux. Thirdly, the
photons do not create the residual defects; the photon-
induced defects are annihilated completely by annealing.

Figure 4 shows an Arrhenius plot for the annihilation of
defects [5]. The following results are found. Firstly, 1/z
shows an exponential decay on 1/T, indicating that a
thermal activation process plays important roles in the
defect annihilation. Secondly, the exponentially decaying
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Fig. 3. Time evolution of I in a-Si:H film for sample
C during H, plasma UV photon irradiation [5].
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Fig. 4. Arrhenius plot for defect annihilation [5].

slope is different between the photon-induced and the
plasma-induced defects; it is steeper for the photon-
induced defects. To obtain the activation energy, E,, the
slope is fitted by

1/t = kg exp (-E, /kgT). Q)
We find E, =0.5340.06 eV for the plasma-induced defects
and E, = 1.17+0.06 eV for the photon-induced defects in a
range of T = 120 — 240 °C. Thirdly, the values of 7 are
roughly the same between H, and Ar plasma-induced
defects at a given T although the Ar plasma treatment
causes the residual defects, and the H, plasma treatment
does not. Fourthly, ko is different between the UV and
VUV photon-induced defects while the activation
energies are nearly the same between them; ko is smaller
for the VUV photon-induced defects.

4. Summary

The kinetics of electronic defects in a-Si:H films is
studied during H, and Ar plasma treatments, and
postannealing. The generation and annihilation of the
electronic defects, i.e, the silicon DBs, are successfully
monitored via in-situ photocurrent measurements.
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