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We have studied the junction between pure amorphous selenium and a-As,Se,
and several metals with the aim of determuning whether the choice of metal can
improve device performance, in particular minimizing the dark current. Samples are
in sandwich configuration on glass substrates and consist of 20-50 Om thick a-Se
with top clectrodes from Cu, Ag, Al In, and Au. For cach of listed metals, current
transients after application of bias voltage are measured for up to an hour. As we
find, dependencies of current on voltage typically follow power laws (at high fields)
and vary from metal 1o metzl. Depending on contact used, the dark currents vary in
a range of four orders of magnitude. The current is controlled by injection of hole
curriers at the metal/a-Se junction. At the same time, there is no direct connection

with the metals work function.

1.Introduoction

Despite the large existent literature on the
electrical and photoelectronic behavior of
amorphous solids [1-5], relatively little
attention has been paid to the properties of
electrical contacts and the contact interface
formed on these materials [6-8]. Exception
being the systematic study of Moldavian
group performed on some binary and ternary
composifions (see review articles [9] and
references cited herein). Contacts to
amorphous semiconductors do not reveal
striking effects: they show no polarity
dependence and their resistance is usually
negligible compared to that of bulk material.
Nevertheless we believe the properties of
contacts are important for many transport
process, particularly for those of high fields.
Moreover, the performance of many
amorphous  semiconductor devices, e.g.
photoreceptors, solar cells, photodetecilors
ele., is affected by electrical contacts.

Detectors using a-Se as an X-ray
photoconductor have illustrated the potential
for excellent images as described in a series
of articles [10,11]. Recent research at the
Sunnybrook  Health  Science  Centre
{University of Toronto) by Rowlands and co-
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workers has shown that an X-ray imaging
system based on the X-ray sensitivity of
halogenated a-Se:As photoconductor (known
as stabilized a-Se) has enormous potential for
digital radiographic applications in medical
diagnosis [12-14]. Even more, within the last
three years, a commercial X-ray medical
diagnostic  imaging system has been
mntroduced into the market by Philips based
on using the X-ray sensitivity of a-Se
photoconductive layers, Additionally, several
significant patents (e.g., US Philips
Corporation, 1995) have been 1ssued to major
corporate laboratories that use an a-Se layer
vacuumn coated onto thin film transistor
active matrnix arrays and use this plate as an
X-ray image detector. Such sensors have
been called direct conversion X-ray image
detectors to emphasize that the X-rays are
converted directly to collectable charge
carriers in contrast to an intermediate process
of converting X-rays to light and then light 1o
charge carriers using photodetectors, the
latter systems are phosphor based. Images
obtainable from such a devices have been
potentially superior to film based radiology
and to digital storage.
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Amorphous selenium is one of the most
important representatives of this large class
of non-crystalline materials. Due to its
importance as a xerographic photoreceptor,
many of the properties of a-Se have been
widely studied during seventies, and eighties
{Refs [4,5,15-17], to say about few). The
majority of the studies have been related to
the free surface geometry used in xerography.
Essentially much less work has been done on
the metal/a-Se junction at high fields. There
15 now a need to measure and understand the
properties of metal to pure  a-Se (and a-Se
—based alloys) junctions in configurations
approximating actual devices such as flat
panel X-ray image detectors, In the present
article, we have studied the long-term current
transients and the I-V relations of the above
structures for several metals and try to
answer the question to what extent the type
of metal can influence the electronic
properties of devices with metal/amorphous
semiconductor junction.

2.Sample preparation and the
experimental procedure

To examine the metal-amorphous
chalcogenide contact, simple devices were
fabricated in a sandwich-cell configuration
on glass substrates, with the chalcogenide
alloy as deposited between a top and bottom
electrode. In the present study, we used pure
amorphous selenium and a-Se alloyed with
2-10 % As. Glassy AsSe,, alloy source
material was prepared in Nor.Techn.Centre
by conventional melt-quenching technology
in a similar fashion to that described
previously [15,17]. Amorphous Se and
As Se,, films with small amounts of As
additives were deposited onto glass
substrates by  conventional  vacuum
deposition techniques. The glass substrates
were previously coated with SnQ, which
forms the bottom electrode. The thickness of
pure a-Se and a- As,Se,, films ranged from
20 to 50 m. The substrate temperature during
the deposition process was 300 K. A
semitransparent Au, Ag, Cu, Al, Bi and In
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electrode was sputtered on the uniform
thickness region to complete a sandwich
structure: Me/(a-Se)/Sn0,. To limit possible
heating of amorphous films, evaporation
times were restricted to less than 1 min. The
contact area (0.1 cm®) was defined by the
cross-over of the two (bottom and top)
electrodes. Prior to any measurement, the
samples fabricated in the laboratory were
naturally aged in the dark for nearly two

weeks to allow  therr  strocture  and
corresponding  physical  properties 1o
equilibrate.

The measurement technique was similar to
that of Wallace for examining contact
properties of amorphous films used in
Orwshinsky’s devices, This apparently simple
experiment is complicated by a long-term
transient component. After applying the
voltage, the current monotonically decavs by
one to three orders of magnitude in a time
range of several hours. In order to be sure
that the sample in each experiment 1s at the
same electronic state, we have “1‘eéting” the
sample (i.e. short-circuiting it in the dark for
10 h) in all cycles. A high input impedance
(~ 10" Ohm) electrometer was used to
measure the open circuit de current across
the electrodes. For currents of the order of
=10 A, noise from the power supply may
obscure the data.

J.Resulis

Typical time-dependent response of the
current in Me:a-Se:5n0, (Me indicate top
clectrode formed by different metals) is
illustrated in Fig.l. Some important features
are noted here.

First, the character of the time dependence
as well as the current level of tiie traces
depend on the material (metal) of electrode
biased in this case positively.

Second, for most metals under
examination the current magnitude decreases
with time after application of bias voltage.
Moreover, to reach a steady state more than
1 hour is needed. During this time the inital
current decays by from one to four orders of
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magnitude. At any particular time the
magnitude of the current covers nearly five
orders depending on the chemical nature of
metal chasen,

Finally, in several cases there is hardly to
detect any decay of the initial current. We see
that this situation prevails for metals such as
Al and In.

A typical example of the current-voltage
characteristic is shown in Fig.2, plotted in a
log-log scale. The procedure consists in
taking a cut at this fixed time through the
transient for an electrode. Note that most of
the metals behaves in a manner similar to
that of Fig.2 and exhibit a power law relation
I~ V* where n>1 for higher electric fields.
The characteristic apparently flattens at low
fields (less than 10° V/ecm) and the I-V
curve is evidently not a simple power law.
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Figure 1. Long-term decay of dec cumrent after
application of 40 V bias voltage to Me/a-Se/Sn(2
siructures.
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Figure 2. Current versus voltage characteristic for
a-As; € og

Table 1 summarize the electrical behavior
of various metal electrodes.

In addition, a series of transients were
obtained for the same specimen, but for metal
electrode biased negatively. Over the major
part the characteristic of Mefa-Se/Sn(,
structure remains essentially the same,
confirming that the current is controlled by
the bottom electrode to chalcogenide
junction.

Table 1. Some electrophysical characteristics estimated for Me/a-Se/Sn0, structures under positive bias of 200

v

| Top Electron work function ¢, eV Power low Ratio of currents I/T, |
i contact parameter |
Mg | |
; Au 5.1 i e e TR :
! Ag 4.5 ', ST N
| Bi | 42 { 2 5 } 2#10 |
S 4.1 1.2 | I il
! Al 4.2 0.9 5 |
S Cu 4.7 T 3*10° _‘

4.Discussion

In this section, we make several remarks
on the utility of the results we have partialiy
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presented. It can clearly be seen from the
transients and 1-V  relations for wvarious
metals that the mentioned look qualitatively
different and, as a consequence, any
simplified model or theory can explain the
data. In order to extract information about the
transport properties, we ry to consider
separately two parts of the above problem:
carrier injection across the metal-amorphous
selenium junction, and the transport through
the bulk of a-Se sample, respectively.

Since both the electron and hole drift are
well characterized in prototype amorphous
semiconductor a-Se and a-AsxSel-x, the
latter problem seems an easy matter. In the
last two decades most of the authors interpret
their [-V measurements as a space-charge-
limited currents (SCLC). We have
emphasized here the importance of drawing a
distinction between situation in crystalline
and amorphous (Se-based) semiconductors.
While contact phenomena in a wide range of
crystalline materials appear to be well
understood, for amorphous chalcogenides
contact phenomena remains a controversial
issue. In short, one can not exclude
completely a possible influence of SCLC on
our data. One would expect space charge
region to be formed in amorphous selenides.
The presence of extremely slowly decaying
currents as a response on applied bias is of
favour of such an approach. Next question is
closely connected with the space charge
region extention, namely with x,. Further, a
charge density
p(x) = 8(EF)U(x)
is produced by the band bending potential
Uix). From the solution of Poisson’s
equation
d2Ux)/dx?=Ux)e’g(EF)/ee)
one can obtain
Utx)=Ulexp(-x/x0}

With the characteristic screening length
X0?= g0/ €22(EF).

Note that g(E,) is the density of gap states
at the Fermi level E... To account for the short
screening length characteristic of amorphous
semiconductors, relatively high density of
localized states is required. The latter is valid

121

only under condition of negligibly small
density of interface states. In practice, space
charge accumulation effects are established
by time-of-flight (TOF) experiments. Space
charge effect influence on photocurrent
transients in a-S¢ is not new (see eg
Spear,1967). For a wvery large range of
compositions, we observe TOF signal
decreasing when the sample is photoexcited
without short-circuiting and dark-resting
between transits. It seems, however, that
SCLC is not of primary importance because
there is a strong dependence on the metal
used. Additionally, the amount of space
charge estimated is not sufficient even in
predicted by conventional SCLC theory
values.

Up to this point emphasis has been placed
on purely electronic contact-related effects:
possible chemical reaction on the interface
were ignored. However, 1t will be seen that in
some cases it 15 difficult or even impossible
to avoid chemical reaction or alloying effect.
Strong chemical reactions seem (o occur ai
the Ag and Cu contacts. Comparatively thin
(200-300 A) metallic electrode gradually
disappeared by reacting with the amorphous
chalcogenide. Such an effects may be
observed even visually: the surface of
electrodes become mottle instead of their
initially mirror-like reflectance. A steady
open circle de voltage appeared between
apposite electrodes. This small voltage is of
measurable value (=40 ;v and indicates the
chemical reaction process. It is reasonable in
the following to consider a simple device
structure  Me/a-5e/Sn0,, containing alloy
region at the interface. The equivalent circui
consists of two branches each of them
includes the capacitance C; and resistance R,
of the bulk region (thickness d,) and alloy
region (thickness d,), respectively. The
following asymptotic values may casily be
obtained (in assumption that C, =>C,)

Cp “CiRJ/R;] +R3)2
Rp(0)” RJ+R2
Rp(8)"R2
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Here (0) and (8) indicates low and high
Irequencies, while C, and R, is the equivalent
capacitance and resistance.

This fact is strongly supported by
photoemission and electrone microscope
studies [14].

For gold contacts diffusion and alloying
occurs very slowly. In no case any change in
electrical behavior was observed even on a
time scale of months following deposition.
Further, 1t is noticeable that when Al was
used as a bottom contact, a high contact
resistance was evident at low wvoltages. A
commonly know fact that Al oxidized
rapidly. Thus, a thin insulating layer was
present between the metal and amorphous
chalcogenide.

It is apparent that the major mechanism
which causes the observed behavior 1s the
current limiting by the injection of holes
across the Me/a-Se junction. For all the
composition examined here the electron work
function is larger (5.3+6.0 eV) than for each
of the metal used as the top electrode. As a
result, formation of a Schottky barrier to
holes seems to be plausible interpretation.
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HEPEXIJAHI TA CTAIIIOHAPHI XAPAKTEPUCTHKH
KOHTAKTIB 3 AMOP®HHUM CEJEHOM TA HOI'O
CILNIABAMMUA

B.I.Mikaa, 1O.10.Hane, B.B.Mikaa

Yuwroponcekuil nepxaenuil yHirepeuret, 294000, Yxropoa, sy Bonownna, 54

[peacTasiedi peaynsTaTh ZocnimkesHs nomedimkn crpyxtyp Me/@-3e/5n0,
npH MpHEiafalbL NO3MTHBHOTO 3mitesndi. Jna shadHol KinbkocTl weTanis, wio
YTEORHHOTE  BepxHill eNextpoll, BHIHAYCHO elerTpodiinuMi  XaparTepHCTHEL
PosrnseyTo sosouel dizemni npouecy, mo 3yMoBMOOTE penaxcalliiini npolecH v

AOCNMAYBEHNX CTPYETYPaX.
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