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STUDY OF TRANSPORT AND TRAPPING IN Sh,Se . ALLOYS
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Effect of antimony addition is clearly manifested in the electrical behavior of
glassy selenium. Analysis of the trapping of photoinjected carriers and of the
thermal generation of free carriers in the bulk reveal that in Sb,Se,., alloys each of
these processes 15 mediated by a specific manifold of localized electronic states
residing in the mobility gap. The present observations clearly establish that the
population of these states increases progressively with Sb content,

Introduction
There is both a scientific and
technological interest in  studying the

transport'trapping of drifting electrons and
holes in a-Se [1,2]. The application of the
conventional  time-of-flight and  newly
developed xerographic experiments for
determining  charge carrier lifetimes
(relesetimes) in various a-Se alloys has
contributed to both understanding and
characterizing the effect of alloying a-Se [1-8].

In the present paper, we report the effect
of antimony on the deep states of selenium.
These states are the thermal emission
(trapping) centers which control the slow dark
decay, first and cycled-up residual potential of
the surface voltage on capacitively charged
specimen films.

Experimental details and proceuure

Sample preparation

Amorphous films of Sbh.Se;, (0= x=<
0.05) system were prepared by the flash
evaporation technique. Glassy Sb-Se alloy
source material was made by conventional
melt quenching. The cleaned silica tubes con-
taining the mixture of the appropriate amount
of constituents Sb and Se were evacuated fo
10° Torr and sealed. The contents of the tubes
were melted in a furnace and continuously
agitated for 10 h to ensure good homogeneity.
The melt was rapidly quenched in cold water
from 800 K and cooling rate was estimated to
be 200K s

The 5b,Se;.. alloy was then vacuum
deposited onto an aluminium substrate. The
substrate was cleaned in neutral detergent,
deionized water, ethyl alcohol, aceton and then
oxidized in air at 1800 °C before deposition.
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Deposition of the Sb,Se., alloys were
performed at a substrate temperature of 300 K.
The thickness of the film was controlled to 20
pum.Prior to measurements, the SbySe ., films
prepared were aged for 2-3 weeks to allow for
their physical properties to equilibrate.

Experimental procedure

The electrophotographic properties of
the samples were measured using conventinal
xerographic technique. The sample is charged
to a potential V by passing it under corotron
device that deposits charges of appropriate
sign on the surface of the film. The surface
potential is then measured by a transparent
probe and an electrostatic voltmeter. The
photoreceptor, the corona charging units and a
transparent probe were housed in a well-
shielded and dark environment. Following the
initial charging process, the sample is exposed
to strongly absorbed 450 nm step illumination
from a tungsten light source during which time
the decay of the surface electrostatic potential
is monitored by the electrostatic voltmeter.
The surface potential decays to a potential V,
(termed the regidual potential) and the
resulting  photoinduced  discharge curve
(PIDC) can be used to determine the
xerographic photosengitivity of the sample.
The above xerographic step could be repeated
any number of times to obtain a cycled-up
residual surface potential Vi, as a function of
the xerographic cycle n.

Results and Discussion

There are essentially three important
types of xerographic behaviour, generally
termed the dark discharge, first cycle residual,
and the cyeled-up residual voltage, which must
be considered in evaluating the electrophoto-
graphic properties of pure a-Se and its alloys.
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The three xerographic properties of Sb,Se.
are considered in the following,

Dark discharge

Typical dark discharge characteristics
for pure Se and Sb,Se;.. photoreceptors are
shown in Fig.1 for compositions noted in the
figure. It is apparent that for pure a-Se the de-
cay of the surface potential is relatively slow.
Comparison of the respective characteristics
for a-Sb.Se .« with the dark discharge behav-
iour of pure a-Se shows clearly that alloving a-
Se with antimony increases the dark decay
rate.
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Fig.1. Dark discharge of surface potential on a-3b,Se
layers, The surface potential at time t is normalized to
that at t=0 (initial charging potential; V=280 V).

The discharge rates in a-Sb.Sei., were not
constant but decreased with time. There are a
number of physical processes which can lead
to the decay of the surface potential. The
presently accepted model for the dark decay in
a-Se~based films is that which involves
[1,9,10]:

surface generation and injection of
trapped electrons and their consequent trans-
port across the sample substrate injection bulk
thermal generation of carriers of one sign and
depletion.

With relatively thick films (L=10-50
um) and a good blocking contact between a-
Se-based films and the preoxidized Al sub-
strate the latter phenomenon dominates.

In a series of experiments carried ouf on
a compaosition series of glassy Sb,Se,, alloys
it was found that the time dependent dark de-
cay rate of the potential to which a dark rested
film has been charged is controlled by the de-
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pletion discharge process. In general, the xero-
graphic depletion discharge model is based on
bulk thermal generation invelving the ioniza-
tion of a deep mobility gap center to producea
mobile charge carrier of the same sign as the
surface charge and an oppositely charged ionic
center [9,10]. Assuming negative charging, a
mobile electron would be thermally generated
and the ionized center would be positive. As
thermally generated holes are swept out by the
electric field, a positive bulk space charge
builds up with time in the specimen, causing
the surface potential to decay with time,

Typical dark discharge data for ShySey,,
exemplifies the predicted of depletion dis-
charge behavior. Inflections in the log-log
plots at the respective depletion times am
readily identifiable. Some special problems
can, however, complicate the observation of a
depletion kink in pure a-Se. The dark dis
charge rate was typically so slow in a-Se that
results were always perturbed by injection.The
central reason for pure Se possessing good
dark decay characteristics is (1) the relatively
low (~10" em™¥) concentration of deep local-
ized states in the mobility gap of a-Se, and (2)
the energy location of these states is deep
(Ee~0.9-1.0 eV) in the mobility gap, so that the
thermal generation process of carriers from
these centres is slow [1, 2, 4, 10].

It is found that in a-Sb,Se;, alloys
electrons (the mobile carrier species) are
depleted (n-type system) during dark decay
leaving behind a deeply trapped positive space
charge. Note that the same situation prevails in
alkali-doped a-Se [11].

Photoinduced discharge characteristics

In essence, the =xerographic photo-
sensitivity (8) of a photoreceptor matenal
determines the rate of decay, dV/dt, of the
electrostatic surface potential of the samples
during  photoinduced  discharge.  The
xerographic photosensitivity definition
adopted here is simply based on the amount of
light energy required for the surface potential
to decay to half of its original value (Vi)
during photoinduced discharge (i.e. the
fractional change in the surface potential per
unit light exposure).

Only electrons are mobile in a-Sh,Se;,
{in the range of compositions studied), with a
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drift mobility that is only slightly field
dependent and nearly I-2 orders of magnitude
smaller than in a-Se. Consequently, the
photoinduced  discharge in a-Sbh.Se;.
photoreceptors is controlled mainly by bulk
transport.

Fig.2 shows a dark decay curve and a
photoinduced discharge curve for a-Sbgg;Seq gy
film. It can be seen that the sample exhibits
relatively little dark decay. Nevertheless, to
take into account the surface charge reduction
during illumination and to evaluate S accu-
rately, the contribution of dark discharge to the
total change in the surface potential during
PID was subtracted (Vi-Vy in Fig.2).

The xerographic spectral response for
both a-SbggsSeps; and pure Se are shown in
Fig.3. It is apparent that as 8b is added to a-Se,
the photosensitivity at a particular wavelength
increases. More precisely this means that the
xerographic photosensitivity for Sb,Se,., alloy
is somewhat greater at longer wavelengths
(=670 nm) than for pure Se, and smaller at
shorter wavelengths (A.<500 nm). Mote that
other compositions of Sb-Se alloy showed
similar trends. The fact of increased xero-
graphic photosensitivity of Sb-Se alloy at
longer wavelengths suggests that the addition
of antimony to a-Se causes a reduction of the
band gap of the material.

300
Ve
hGVd
200 :
= :
— V2
100} !
'
0 20 40 60
tis)

Fig.2.Dark decay curve (solid circles) and photoinduced
discharge curve (open circles) for Sby g5eq e
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Fig.3.Xerographic photosensitivity (8) versus exposure
wavelength (3} for pure Se (1) and Sby gsSens0r (2) alloy
films. For all measurements, the light intensity {I) was
kept constant at 0.7 J m™ 57 and the electric field was
kept at E=2.3x10° V cm’™.

For the films under examination the re-
sidual voltage V, (a measurable surface poten-
tial at the end of the illumination) increases
with Sb content (Fig.4). The residual potential
is due to trapped electrons in the bulk of
specimen. The simplest theoretical model
which is based on range limitation and weak
trapping (V; << Vp) relates V; to pt (the drift
maobility, p , and lifetime, t , product) via the
Warter equation [12] V,=L*(2 pt ) where L is
the sample thickness. For example, addition of
3at.% Sb leads to a change in the first cycle
residual voltage from 4 to 44 V which is
equivalent to a change of the carrier range, pt,
from 107 to 10°® cm*/V. Substituting
u~5x107* em®/(V s) for pure Se and p° ~
~6 %10 cmza‘{‘l.-' 8) for 8bhy g:8eq o7 into the cor-
responding equation we find carrier lifetimes
1=2%107 s and 1=1.3x107° s in a-Se and a-
SbggiSeqgsr. It is necessary to note here that in
general, bulk deep trapping lifetimes computed
from the first cyele residuals are in agreement
with lifetimes measured in the time-of-flight
mode under range-limited conditions.

Fig.5 displays the buildup of the residual
voltage V., on an a-SbygpiSepgr film with the
number of xerographic cycles n. The rate of
increase in V., with n decreases as cycling
increases, until eventually for large n (26 in
our case) Vo, tends to a saturated value V..



Bichuk Yxroponcskoro yHisepcutety. Cepist @izuka. Ne 2 1998

2 4 6

at®e Sb

Fig.4.Effect of antimony on the residual potential
(measured aftér frst and fith ¢ycles) of Sb-5e alloy,

As described earlier [13], the saturation
residual potential provides an experimental
measure of the integrated number of deep traps
(trap-release rates are much slower than those
from shallow traps which control drift
mobility). V.. is then simply given by

Ve=eN.LY(2g)
where N, is the deep-trap concentration and &
is the dielectric constant.
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Fig.5.The buiid-up in the residual voltage with number
of xerographic cyeles in a-Sbq gz 5ep07
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PoaridHyTo  BIMHE BBCAeHHA aTomie Sb Ha eNeKTpoNHl BNACTHBOCTI HEKpH-
CTAMIMHOTO CefleHy. AHamis npouecin saxonnenns  QOTCIHMCKTOBAHMX Hociis i
Tepuivaol reHepauil BiALEWK Hocile cRIOMATL, WO 873HI MPOUECH KOHWTPOMHOHITLE

CIeRTPORE MK CTAHIME, TOKANIIOBAHEME B UINHMD pyxareocTi Sh,5e .« Beranosime-
HO, 0 KOHIEHTRALWIA LMK CTAHIE 3p0cTas 13 3dinsuiesHHaM sMicry Sh .
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