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Image sensors made from amorphous siticon { ¢-Si:H ) are under development. Their elements
consist of back-to-back Schottky diodes. For practical operation, long-term stability is of great
importance. We investigated dark conductivity and photoconductivity, capacitance-voltage
characteristics, and response behavior after switching off illumination. Even after light soaking
for many hours, no change in photocurrent occurred, whereas dark current, capacitance, and
response time increased. These changes are metastable and can be reversed by annealing above
200 °C. Contrary to the Stasbler—Wronski effect, { Appl. Phys. Lett. 3%, 292 (1977) ], the dark-

current increase disappears at room temperature after several hours. We investigated the time
dependence of this relaxation and calculated the energetic depth of the states involved. The
contact between ¢-Si:H and indium-tin-oxide is described as a Schottky-Bardeen-metal-
insulator-semiconductor junction. Its properties are strongly dependent on interface states, in
particular on the position of the neutrality energy of the interface states with respect to the
Fermi energy. We show that besides the well-known Staebler—Wronski effect, a new
degradation process is observed. We suggest a model where holes are trapped in interface states
about 1.0-1.4 eV above the valence band. Their thermal emission governs the relaxation

behavior of the dark current.

L INTRODUCTION

Easier reading of documents for communication and of-
fice automation calls for large-area scanners that can read
Ad-size documents without optical reduction. Therefore,
large-area thin-film photoconductors are required that can
be fabricated at least 21 cm wide at low cost. The most prom-
ising way to implement such a device is an arrangement of
amorphous silicon {a-Si:H }sandwiched between two elec-
trodes forming Schottky-type contacts. A review of such im-
age sensors has been given by Kempter.!

Our sensors are built in the sequence Cr/g-SLH/ITO.
Their elements meet the most important reguiremenis for
image sensocrs: high photocurrent, low dark current, fast re-
sponse behavior, and long-term stability.” In this paper we
present an investigation of the stability of the sensor based on
the physics of the junction involved.

As the elements are reverse biased ( I'TC negative ) dur-
ing operation, the properties of the a-St:H/ITO junction are
crucial for the performance of the sensing element. To obtain
a low dark current and an enhanced chemical stability, an
intermediate oxide layer is introduced between a-8i:H and
indium-tin oxide (ITQ). Thus, strictly speaking, the contact
is a metal-insulator-semiconductor {( MIS) junction. On the
one hand, this junction can be described by the Schottky
theory, but on the other hand, interface states play an impor-
tant role in the performance of the junction; so the Bardeen
theory should also be applied. We will therefore call it a
Schottky-Bardeen-MIS junction (SBMIS junction).
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. THEQRY OF THE SCHOTTKY-BAROEEN-MIS
JUNCTION

To explain a2 SBMIS junction, we start from an ideal
metal-semiconductor contact. The Schottky theory® pre-
dicts the barrier height @, of the Schottky contact from the
work function of the metal ®,, and the electron affinity of
the semiconductor y:

()

The difference between the barrier height and the acti-
vation energy £, — E,. in the bulk of the semiconductor
leads to a charge transfer from the semiconductor to the
metal, resulting in a positive space charge and a band bend-
ing with a diffusion voltage ¥,:

eVp =e@y — (£, — Eg). {2)

ITO shows an almost metal-type conductivity in excess of
10* (£t em)~'. Although it is a highly doped semiconduc-
tor, it can be treated as a metal for our investigations.

It is well known that interface states play an important
role in the vicinity of the metal-semiconductor contact. This
is explained by the Bardeen theory.® It leads to an expression
for the barrier height that depends on the energy gap E, of
the semiconductor, not on the work function of the metal
used:

e®, = Eg — e, (3)

e®, denotes the energy difference between the neutrality lev-
¢l of the interface states and the Fermi level. Equation (3)
can be understood as follows: The interface states are filled
up to the Fermi level E;. Suppose the neutrality level £, of
these states is £, and thus lower than £, by an energy ¢®,,.
The interface states are then negatively charged. An equal
amount of charge of the opposite sign forms the space-

eb, = ey, —ey.
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charge region inside the semiconductor. With a high inter-
face-state density and a low density of states inside the semi-
conductor, this leads to a pinning of the Fermi energy at the
interface.

The theories discussed above outline the iwo limiting
cases. The barrier height of a real diode must be described by
2 combination of both the Schottky and the Bardeen bar-
riers.

Introduction of an intermediate oxide layer leads to an
MIS junction. Without a space charge inside the insulator
and without interface states, the electric field will be con-
stant throughout the insulator and at the interface. This
leads to a voliage drop AU across the insulator which de-
creases the barrier height:

Py =Dy, —ey —eAU. (4}

In an SBMIS, the interface states result in a partial pinning
of the Fermi energy at the interface, reducing the influence
of the metal’s work function. The electric field at the inter-
face has a kink due to the interface charge. A change of the
charge dQ per unit area 4 causes an eguivalent modification
of the electric field dU /d, where ¢, is the dielectric constant
of the insulator and 4, its thickness:
4,
U= 4+ ——dQ. (3)
A

The plus sign applies to the voitage drop as depicted in Fig.
1(a};i.e., a negative charge at the interface leads to a lower
voltage drop AU and thus to a higher barrier.

We can now discuss the different changes that can occur
at an SBMIS junction during degradation. Two different
mechanisms will be considered. Either new states are created
by degradation or existing states become negatively or posi-
tively charged.

Tet us discuss the first case. New states can be created
either in the bulk of the semiconductor or a2t the interface.
What will happen to the barrier? When the density of states
in the bulk is increased in the energy interval between £, and
eDy [i.e., the shaded area marked as positive space charge in
Fig. 1 (a)], it is obvious that these states have to be re-
charged positively and the band-bending profile will change
accordingly. Hence the barrier will become narrower. If in-
terface states are increased, their influence upon the barrier
depends on the position of their neutrality energy. For sim-
plicity we assume that the newly created states are of the
same type as the existing ones. Suppose their peutrality level
E, is lower than the Fermi level £, [Fig. 1(a)], then the
newly created states have to be filled with electrons, thus
increasing the negative interface charge. This diminishes the
voltage drop AU along the insulator according to Eq. (5).
As Eq. (4) shows, the barrier e®, will increase. The oppo-
site will happen when states with X, > E, are created [Fig.
1(b) ]. These states have to be filied with holes, thus increas-
ing the positive interface charge. Hence AU will increase and
@, will decrease.

We will now discuss the case of recharging existing
states. When electrons are trapped in bulk states, they com-
pensate the positive space charge. This leads to a lower band
bending and thus to a diminished barrier height. Corre-
spondingly, the capture of holes leads to a stronger band
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FIG. 1. Band diagram of a Schottky—Bardeen-MIS junction. The barrier
height amounts tc e, = e®,, — ey — eAU. (a) Interface states with a
neutrality energy below E, are negatively charged; (b) those with a neuira-
lity energy above E are positively charged.

bending and to an increased barrier height. If trapped elec-
trons are localized in interface states, this negative interface
charge will increase the barrier [ Egs. (4} and (3) ], whereas
hole capture at the interface decreases it. A summary of all
cases is given in Table L

. EXPERIMENT

The samples were produced on glass substrates, as can
be seen from Fig. 2(a}. The bottom electrode consisting of
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TABLE 1. Influences upon the barrier height.

States are Located The barrier becomes
created in the bulk narrower

created at the interface (E, < £,)  Thigher

created at the interface (E, > E.)  lower

negatively charged  in the bulk lower

positively charged  in the bulk higher

negatively charged  at the interface higher

positively charged  at the interface lower

sputtered chromium was followed by an undoped a-Si:H lay-
er, which was deposited by plasma-enhanced CVD at 220°C
and with about 1-um thickness. Its surface was treated in an
oxygen plasma to develop an oxide layer. The thickness of
the oxide can be determined from the cross-sectional TEM
image [Fig. 2(b)] o be about 3 nm. Then a 100-nm-thick
ITO film was evaporated by means of an electron gun as a
transparent upper electrode. Additional gold strip lines were
used to form a low-resistive intercennection between the
sensing elements and the readout circuit. Details have been
described elsewhere.”

The dark conductivity of the ¢-Si:H material was mea-
sared in a gap-cell geometry in order to determine the post-
tion of the Fermi energy. The samples were #-type, and the
Fermi level was typically about 0.8 eV below E,. The barrier
height of the SBMIS junctions was determined from tem-
perature-dependent 7-¥ characteristics. It amounted to .86
eV.® The Schottky barrier at the bottom of the samples
between chromivm and o-Si:H is rather low and has little

{a}
Gold  250nm TG 100 nm
Sid, ~ 3 nm
a-Si:H 1000 nm

~Chromium 100 nm
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FIG. 2. {a) Schematic cross section through a sample. The deposition se-
quence of a typical element is glass/chromiuvm/a-Si:H/oxide/TTO. An ad-
ditional gold layer is supplied for low-resistive wiring. (b) Shows a TEM
image of the oxide layer between ¢-Si:1 and ITC (glue is necessary for pre-
paring the TEM cross section).
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mmfluence on the performance of the device. Therefore, ann™
layer is not necessary.

From every sample we measured current-voltage char-
acteristics in the dark and under illumination. The latter was
usually 10" photons/cm? s of green light {550 nm). Photo-
current transients were measured by switching off steady-
state illumination by a Bragg cell. The current was fed
through a fast current-voltage converter into a waveform
recorder. The decay of the current could thus be monitored
from 1 us to 1 s after switching off the light.” To determine
the junction capacitance, a quasistatic capacitance-voltage
meter {Keithley model 595) was used. It superimposes a
voltage step on a fixed bias and integrates the charge during a
delay time ¢, ranging from 70 ms to 200 s. An internal leak-
age-current correction takes care of a constant-current con-
tribution to the integrated charge and substracts it automati-
cally.'®

The capacitance-delay time measurement is equivalent
to a conventicnal capacitance-frequency measurement. The
total amount of charge that is thermally emitted from cccu-
pied states is integrated during the delay time. Hence the
contribution of all states closer to E, than a certain demarca-
tion energy E, is included. In capacitance-frequency experi-
ments, the same states above £, can be charged and re-
charged, and thus follow the applied alternating voltage.
Likewise, the density of states N{E) can be computed from
the C(t,) data. To obtain the N(E) curves shown below
(Fig. 9), we used the computer program developed by Glade
et gl 1b1?

Most of our investigations were performed under vacu-
um of about I mPa. The influence of different ambients on
the degradation behavior was shown by experiments in N,,
G, , or air under atmospheric pressure or in saturated water
vapor.

V. RESULTS

Typical current-voltage characteristics of our SBMIS
junctions are shown in Fig. 3. The annealed sample ( curve
A ) exhibits a dark-current density at reverse bias of only
5% 107 '° A/cm®. The photocurrent is independent of ap-
plied voltage in the negative-bias regime. This clearly shows
its primary nature. [ts absolute magnitude corresponds toc a
guantum efficiency of unity which is diminished only by re-
flection losses at the ITO top electrode. The oxide layer at
the interface is thin enough to have no influence on the pho-
tocurrent.

Subseguently, the degradation behavior of the devices
was studied. The diodes were light soaked for {2 k with 100
mW/cm® white light. Under open-circuit or short-circuit
conditions or with a + 5-V bias applied to the samples dur-
ing illumination, only slight changes were observed. Light
soaking of the diodes under negative bias { — 5 V) causes the
dark current at — 5 V to increase strongly (curve B). The
open-circuit voltage under illumination, recognizable by the
sharp dip in the logarithmic plot, decreases, as does the
short-circuit current.

Resting the sample for several days (curve R3 = 3 days,
curve R30 = 30 days) at room temperature leads to a recov-
ery of the dark-current and photocurrent characteristics.
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FIG. 3. Current-voltage characteristics in the dark (lower curves) and un-
der illumination { upper curves ). A = annealed state, B = after light soak-
ing (12 h, 100 mW/cm?), R3 = rested 3 days at room temperature, and
R30 = rested 30 days at room temperature.

The dark current approaches its low value in the annealed
state {A). The open-circuit voltage and the short-circuit
current also recover. When the sample is annealed again,
state A is reestablished. The whole degradation cycle can be
executed repeatedly.

The dark current under forward bias does not foliow
this trend. It decreases slightly after illumination, but does
not increase during resting. This can be easily understood, as
the forward current is limited by the bulk resistance of the -
Si:H. It is subject to the normal Staebler—Wronski degrada-
tion, which remains stable 2t room temperature. As the Fer-
mi energy in the bulk material already lies near midgap, light
soaking causes only a weak shift, and therefore the dark cur-
rent decreases just slightly.

We studied the degradation behavior of the dark current
at — 5V bias in detail. Figure 4{a) shows its increase with
illumination time in a double-logarithmic plot. The light was
interrupted from time to time and the dark current recorded.
After a very steep rise during the first 1000 s (not shown),
the current increases with the square root of time up to 10 h.
In comparison, the spin density N, rises proportionally to
£73.13 However, the reverse current depends only indirectly
on the spin density and is therefore not expected to exhibit
the same relationship ( ~#').

Then, starting from the annealed state, we degraded the
sampie several times with different photon fluzes F for 45
min at each intensity [Fig. 4(b)}. This led to & very strong
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FIG. 4. Degradation behavior of the dark current f, at — 5 V bias. (a)
Shows the increase of I, with time during light soaking. (b) Shows J; after
light soaking with different photon fluxes for 45 min in each case.

dependence of the dark current on F with an exponent of
1.25. For comparison, the intensity dependence of the rise of
N, has an exponent of 2/3."%.

The relaxation of the dark current under reverse bias
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{ —5 V) was investigated at different temperatures. The
samples were light soaked as described above at room tem-
perature. Afier switching off the illumination, they were
heated quickly to the desired temperature, and the dark cur-
rent was monitored over times up to 270 h. Figure 5 shows
the decreasing current which reveals the features depicted in
Fig. 3. The decay ranges from | min up to 270 h. If we as-
sume that the basic process is a thermal emission of trapped
carriers from localized states, we can convert the time scale
to an energy scale by the relation

E = kT In{vyt}. {6)

For the attempt-to-escape frequency v,, we take a value of
10 s !. Hence the energies span a range of about 0.93-1.4
eV. In Fig. 6 the transients of Fig. 5 are replotted with the
curves shifted relative to each other to yield a continuous
trend. In the case of & diffusion-limited saturation current
density j, the barrier height can be written as

kT s
P, = ——Ini ———1}. 7
2 e n(eNC,uF) e

To calculate $ , the effective density of states in the conduc-
tion band &, the carrier mobility u, and the strength of the
eiectric field F at the interface are required. As we know
neither the actual values of N, g, and F nor their depend-
ence on temperature, degradation, or relaxation, Eq. (7)
only allows a general trend to be estimated. Nevertheless, the
change in current indicates an increasing barrier height.
From the energy interval in which the current decreases we
conclude that carriers are emitted from states between 1.02-
1.4 eV deep.

The photocurrent during illumination at reverse bias
( — 5V ) was monitored for several hours. It showed no
significant degradation and remained constant within
4+ 0.5% due to experimental scatter.

On the other hand, short-circuit photocurrent decay
transients show significant differences between the annealed
and light-soaked states. The curves recorded after switching
off steady-state illumination are shown in Fig. 7(a). Elec-
trons are trapped in localized states in the -Si:H during
iflumination. Subsequently, these electrons are thermally
emitted and extracted by the built-in field determining the
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FIG. 5. Relaxationat behavior of the dark current I, at — 5V bias at differ-
ent temperatures. [, decreases up to twoe orders of magnitude within 270 h.
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current decay.' The emission time can be converted into an
energy by means of Eq. (6). The energy spectrum of the
trapped charge n{ F) can then be calculated from the current
I(t) by
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FIG. 7. (a) Photocurrent {ransient after switching off steady-state illumi-
nation (sample area 0.2 cm?). (b) As the transient current is due to thermal
emission of trapped electrons, the energy-resolved charge density #( ) can
be evaluated. Starting from the annealed sample {state A), n{E) rises
strongly after light soaking (state B).
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n{Ey = I{t)t /ekTV,

where ¥ is the sample volume [Fig. 7(b)].

it should be pointed cut that the measured charge den-
sity n{E) is the product N(E}f(E), i.e., bulk density of
states N (E) and occupancy of these states f{ F), respective-
ly. n{ E) shows an increase in the energy range from 0.45 eV
down to about 8.7 ¢V below E_. The trend is mainly due to
SLE) which is dominated by a2 Boltzmann distribution. The
shape of N(E) itself cannot be resolved by this method in
detail, but it reveals no distinct structure. The measured
charge density rises strongly after 64 h #Humination with 100
mW/cm? white light (state B). As f(E) is expected to be the
same in the light-soaked state, N{(F) must increase by about
one order of magnitude. This can be easily understood by
assuming additional dangling bonds created by the Staebler—
Wronski effect.

Figure 8 shows the capacitance of the space-charge re-
gion of our SBMIS junction measured by the quasistatic
method plotted versus delay time. At short times, the capaci-
tance is equal to the geometrical capacitance of the diode.
Within a certain delay time ¢, only states that are closer to
E_ than the corresponding demarcation energy E,, are ther-
mally emitted and can thus contribute to the integrated
charge. In analogy to Eq. (6), E, is given by

E, =kTIn{v,,). (9

For ¢, = 70 ms, the shortest time interval used, and v,

= 10" s ! (Ref 12), we obtzin £, = 0.76 eV. As in our
samples, the position of the Fermi level, £, — E, »>0.76¢eV,
and the states above the demarcation energy £, are empty
and thus do not appear in the capacitance. Toward longer 1,
we observe the contribution of deeper states, and the capaci-
tance therefore increases. From this curve, the density of
states N{ &) can be calculated.'?

Figure 9 shows a fit to N(E) around 0.8 eV. As our
samples are undoped, we are restricted o a narrow energy
interval. The density of states near midgap amounts to about
2x 10" and 3X 10" cm %V ! in the annealed and light-
soaked samples, respectively. These results are comparable
with those obtained by Glade, Beichler, and Mell'® on un-
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FIG. 8. Junction capacitance measured by the quasistaiic method at zero
bias. Delay times range from 70 ms to 200 s. Starting from the annealed
sample (state A}, the capacitance rises strongly after light scaking (state
B).
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FIG. 9. Density of states N{E) calculated from the junction capacitance
{Fig. 8). N(E) rises strongly from state A to B according to the normal
Staebler—Wronski effect.

doped a-Si:H /Pt Schottky barrier diodes. The change of the
capacitance spectrum after ifflumination, i.e., the rise from
state A to state B, reflects the creation of states due to the
Staebler—Wronski effect.

V. DISCUSSION

In cur measurements we can see two different processes
taking place: We observe the well-known Staebler—Wronski
effect (SWE}, which is metastable at room temperature. It
can be annealed as usual above 200 °C. Additionally, we find
a new phenomenon, a marked increase in the dark current of
the SBMIS junctions after intense illumination, which is not
stable at room temperature and disappears after several
hours. Earlier investigations by Jousse ef a/.'® did not con-
centrate on reverse-biased dicdes. They found the normal
SWE in the forward characteristics, but could not explain
the features of the reverse current.

Eet us discuss the Staebler—-Wronski effect first. [liemi-
nating an ¢-Si:H sample for a long time with intense white
light leads to the creation of dangling bonds near midgap.
This can be understood by the breaking of weak 5i—Si bonds
and a rearrangement of the hydrogen associated with these
bonds."? As a consequence, the Fermi energy may shift, de-
pending on its position in the annealed state. As in our un-
doped samples, E is located near midgap, and there will be
no significant shift of £,. So changes in the properties of our
junctions have to be interpreted in terms of a risen density of
states in the vicinity of midgap.

Capacitance measurements offer relatively easy access
to the N{F) dependence. The results show an increase of
more than one order of magnitude at 0.85 eV below E,. This
corresponds to the neutral dangling bond state in agreement
with the interpretations of Kocka, Vanecek, and Schauer.'’

Measurements of the photocurrent decay reflect an in-
crease in charge density n(E) after illumination. As noted
above, n{E) depends on the occupancy f{E) of the states
involved. f( E) for its part depends on illumination and tem-
perature. Thus n(E) gives only a lower limit for the density
of states N{E}. As the neutral dangling bonds do not emit
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electrons into the conduction band within the measuring
time ( < 1 s} at room temperature, we cannot observe their
contribution. That is why we attribute the rise in (&) to an
increase in negatively charged dangling bonds. It is likely
that at least part of these states are occupied under iflumina-
tion and that they will take part in the emission processes
during the transient.

The Stacbler-Wronski effect reduces the photoconduc-
tivity'® since the additionally created dangling bonds act as
recombination centers. Neveriheless, we see no effect on the
photocurrent of our samples. At a bias voltage of — 5V, the
electric field across the a-Si:H layer amounts to about 5 10*
V/cm. This leads to a Schubweg of the order of 100 um.
Compared to the thickness of the sample of 1 ym, the proba-
bility for recombination is negligible. Even a pronounced
diminution of the ScAubweg by the SWE has ro influence on
the photocurrent if it is greater than the ¢-Si:H thickness,
Cmly in extreme cases of low fields that are found in the
interior of the sample at zero bias is there recombination in
our SBMIS diodes. This can be seen in the photocurrent-
voltage characteristics {Fig. 3) where the photocurrent at
zero bias reflects the influence of recombination on the
short-circuit current by the Staebler—Wronski effect.

The behavior of SBMIS devices with respect to junction
capacitance, steady state, and transient photocurrent can be
understood on the basis of the normal Staebler—-Wronski ef-
fect. But this effect does not predict the considerable rise in
dark current observed. A possibie explanation could be a
reduction in the width of the barrier due to an increased
density of states. The tunneling current through -Si:H bar-
riers is limited by thermionic field emission, as pointed out
by Jackson et al.’” Therefore, additional states should lead to
a decrease of the effective barrier height and thus to an in-
crease of I,. But since the observed rise is not stable and
disappears at room temperature with time constants in the
order of hours, the explanation on the basis of the Staebler—
Wronski effect can be ruled out.

Looking at Table I, several other possibilities can ex-
plain the barrier lowering observed. In our epinion, it is un-
likely that new states are created at the interface by light
soaking. Interface states are caused by the polarizability of
the chemical bonds between semiconductor and metal or
insulator, respectively. Although great efforis have been un-
dertaken to reduce the interface-state density, a certain num-
ber of such states cannot be avoided. Therefore, these inter-
face states are not expected to disappear guickly at room
temperature.

Negatively charged bulk states could arise from trap-
ping of photogenerated electrons in the space-charge region.
However, they are inconsistent with the situation in our
SBMIS junctions. From the relaxational behavior (Fig. 5)
we conclude that the energetic depth of the states involved is
between 1.0 and 1.4 eV. With reference to the barrier height
of 0.86 eV,® these charged states would be below the Fermi
energy. Therefore, an emission of electrons intc the conduc-
tion band cannot take place.

Finally, we propose that interface states become posi-
tively charged, resulting in a barrier lowering. These states
are located at the interface between the semiconductor and
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the insulator or inside the insulator, respectively. Their ener-
getic position is 1.0-1.4 eV above the valence-band edge.
Holes generated by prolonged illumination are trapped in
these states. This leads to a barrier lowering as described
above (see Table I).

Thermal excitation of trapped holes into the valence
band can explain the barrier relaxation described above.
However, we have to assume that holes can leave the inter-
face states only thermally. The tunneling transitions from
the hele traps to the metal or to the a-Si:H as well as recombi-
nation with electrons should be negligible.

A striking feature of the dark current increase is its de-
pendence on the applied bias during light soaking. The deg-
radation effect is strongly enhanced by a negative voltage at
the ITO electrode. This reverse bias draws the photogenerat-
ed holes towards the a-Si:H/ITO interface and intensifies
the trapping process. The Staebler—Wronski effect, on the
contrary, is suppressed by a negative bias which prevents
recombination within the a-Si:H laver.

One further observation points to the fact that interface
states are responsible for the barrier degradation and relaxa-
tion: Samples measured under vacoum show z smaller effect
than those investigated in air. Experiments with different
ambients show a weak degradation and relaxation in dry
ambients (N,, O, ) and a sirong effect in moist ambients
{air, water vapor). So it is obvious that water is the most
likely cause of the interface states mentioned above. We sug-
gest that additional interface states are created by the pres-
ence of polar molecules, i.e., water. They change their charge
state by trapping holes during prolonged illumination. This
leads to the barrier lowering observed. From the slow relaxa-
tion process described above, we estimate their energetic po-
sition to be 1.0-1.4 eV above E,.

- The upper electrode of our diodes made from ITC has a
porous structure.”® Molecules can therefore diffuse to the
interface and induce the formation of interface states. Once
formed, these states remain even under vacuum. They can be
annealed away at an elevated temperature. These ambient-
induced defect states are still not fully understood and will be
investigated more closely in the near future.

¥i. CONCLUSIONS

In this paper, the infiuence of the creation and recharg-
ing of defect states in SBMIS dicdes on the barrier height is
investigated. An overview is given in Table IL. The creation
of bulk states (dangling bonds) by light soaking leads to

TABLE II. Effects of light-soaking and their origin.

Stacbler—Wronski effect Interface-state effect

Light soaking causes rise

of bulk density of states

Forward current decreases
Transient photocurrent increases
Junction capacitance increases
Staebler-Wronski effect

anneals above 200 °C

Light soaking causes barrier
lowering by hole trapping
Reverse current increases
Open-circuit voltage decreases
Short-circuit current decreases
Barrier lowering recovers

at room temperature
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changes in transient photocurrents as well as in space-charge
capacitance. The results are consistent with the normal
Staebler-Wronski effect.

Water vapor diffusing through the ITC electrode
towards the o-Si:H gives rise to interface states. They be-
come positively charged after light soaking, which lowers
the SBMIS barrier considerably. After resting the samples in
the dark from several minutes up to a few days at room
temperature, the barrier recovers. Hence we conclude that
the interface states are about 1.0-1.4 eV above the valence-
band edge.
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