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AMBIENT-INDUCED DEFECT STATES AT a-Si:H/ITO INTERFACES

Martin HOHEISEL, Norbert BRUTSCHER, and Herfried WIECZOREK"

SIEMENS AG, Corporate Research and Development,
Otto-Hahn-Ring 6, D-8000 Minchen 83, F.R.Germany

The stability of image sensors made from a-Si:H was studied. If sensors are light-
soaked in moist ambient, the reverse dark current rises by orders of magnitude.
Contrary to the Staebler-Wronski effect, this increase disappears at room tempera-
ture between 1 minute and several days. We suggest: Ambient-induced defect states
emerge at the interface a-Si:H/ITO in presence of H,0. They act as hole traps 1.0
- 1.4 eV above E,,. Thermal emission governs the rélaxation of the dark current.

1. INTRODUCTION
Easy reading of BAd4-size documents
calls for large-area scanners that can
operate without optical reduction. Our
sensors are built from amorphous sili-
con ( a-Si:H ) in the sequence Cr/
a-Si:H/ITO. Their elements meet the
most important requirements for image
sensors: high photocurrent, low dark
current, and fast photoresponse behav-
ior*. In this paper we study the sta-
bility of the sensor. As the elements
are reverse-biased, the performance is
governed by the a-8itH/ITO junction. An
intermediate oxide layer is introduced
for a lower dark current and an en-
gtability. Thus the
contact is an MIS junction. It can be
described by the Schottky theory, but
as interface states play a major role,
the Bardeen theory should alsoc be ap-
plied. We will thus call it a Schottky-
Bardeen-MIS ( SBMIS ) junctionz,

The reverse current of the diode is
determined by the barrier height. It is
evaluated by internal photoemission and
from temperature-dependent

hanced chemical

current-

voltage characteristics®. For simplici-
ty we use the dark current at -5 V bias
as a measure for the barrier height.

The barrier height is altered when
electronic states in the a-8i:H bulk or
at the interface to the ITO electrode
are created or if they change theix
charge state. A detailed considerationz
leads to the following conclusions: a
lower barrier can be caused by (1) the
creation of interface states with a
neutrality level E. above the TFermi
level Er, (2) negative charging of bulk
states, or (3) positive charging of
interface states.

2. EXPERIMENTAL

The samples were produced on glass
with the sequence: chromium, undoped
a~8i:H, deposited 1 pm thick by PECVD,
and ITO. Details have been described
elsewhere®. On the a-8i:H surface an
about 3 nm thick oxide layer was devel-
oped by an oxygen plasma*. The samples
are n-type with Ec-Er typically 0.8 ev.
The barrier height is 0.86 evs,

We took current-voltage characteris-

* permanent address: Philips GmbH Research Laboratories,
WeifhausstraBe, D-5100 Aachen, F.R.Germany
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tics in the dark and under illumination
( 10%# phot./cm?s, 550 nm ).
rent transients were measured

Photocur-
after
switching off steady-state illumination
by a Bragg cell”.

Our investigations were performed
elther under wvacuum or in Nz, 02, air
under

atmospheric pressure or in

saturated water vapour.

3. RESULTS

Current-voltage characteristics of
our SBMIS junctions are shown in Fig.l.
The annealed sample ( curve A ) exhib-
its a dark current density at reverse
bias of only 5-10-%*° A/cm?. The photo-
current is applied

regime

independent of
voltage in the negative bias
( primary photocurrent, unity quantum
efficiency ).

The diodes were light-soaked ( -5 V
12 h, white light, 100 mW/cm? )

in air. This causes the dark current at

bias,

negative bias to increase strongly

( cuxve B ). Resting the sample in the
dark for several days at room tempera-
The dark

current approaches its low wvalue in the

ture leads to a recovery.
annealed state ( A ). The current under
forward bias is subject to the normal
Staebler~Wronski
remains stable at room temperature.
of the dark
under reverse bias was investigated at
different
were light-soaked at room temperature.
Then they were heated quickly to the
desired temperature and the dark cur-

degradation, which

The relaxation current

temperatures. The samples

rent was recorded from 1 min up to
270 h ( Fig.2 ). If we that
trapped carriers are thermally emitted

asggume

from localized states, we can convert
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FIGURE 1: Current-voltage characteris-
tics in the dark and under illuminati-
on. A = annealed, B = light-soaked

( 12 h, 100 mW/cm? ), R3 = rested 3
days at room temperature, R30 = rested
30 days at room temperature.
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FIGURE 2: Relaxation of the dark
current at different temperatures.
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the time scale to an energy scale which
spans a range of 0.93 eV to 1.4 eV. In
Fig.3 the transients are replotted with
the curves shifted relative to each
other to yield a continuous trend.
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FIGURE 3: Dark current vs. emission en-
ergy. The curves are shifted yielding
the shape of the emission process.

The change in current indicates an in-
creasing barrier height. From the ener-
gies at which the current decreases we
conclude that carriers are emitted from
states between 1.02 eV and 1.4 eV deep.
The effect is not found under vacuum or
in Nz or Os.

Additional photocurrent decay transient
and capacitance measurements show a
rise in the midgap density of states.

4. DISCUSSION

We distinguish two different proces-
ges: the well-known Staebler-Wronski
effect, which is stable at room temper-
ature, and a new phenomenon, a marked
increase in dark current of the SBMIS
junction after illumination, which is
not stable at room temperature.

The Staebler-Wronski effect is caused
by an increased density of states near
midgap and has been discussed neatlys.
The dark current increase in air indi-
cates a barrier lowering. We propose
that it is due to positively charged
interface states 1.0...1.4 eV above E..
They are created by polar molecules,
i.e. H20, which diffuse through the
porous ITO electrode. Photogenerated
holes are trapped in these states.
Their thermal emission determines the
relaxation. A further indication for
this explanation is that the effect is
much enhanced with a negative voltage
applied during illumination.
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