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— Abstract —

The effects of As addition in amorphous selenium (g-Se) films for digital X-ray conversion material

have been studied using the moving photocarrier grating (MPG) technique, This method utilizes the

moving interference pattern generated by the superposition of the two frequency shifted laser beams for

the illumination of the sample. This moving intensity grating induces a short circuit current, j in g-Se:

As film, The transport parameters of the sample are extracted from the grating-velocity dependent short

circuit current induced in the sample along the modulation direction, The electron and hole mobility,
and recombination lifetime of g-Se films with arsenic (As) additions have been obtained, We have found
an increase in hole drift mobility and recombination lifetime, especially when 0.3% As is added into
a-Se film, whereas electron mobility decreases with As addition due to the defect density. The transport

properties for As doped g-Se films obtained by using MPG technique have been compared with X-ray
sensitivity for a-Se: As device. The fabricated g-Se(0.3% As) device film exhibited the highest X-ray

sensitivity out of 5 samples,

Key Words : a-Se : As, moving photocarrier grating, X-ray conversion material, carrier mobility,
recombination lifetime, X-ray sensitivity

I . Introduction

Amorphous selenium (g—Se) has a special attraction
in a wide variety of electronic device application

not only because of its commercial importance as a

*0| =22 2005 102 30Y F4z/0] 20054 112 18 X{EH F.
AL LA, A YA oPE 60747
QAL ApAupstehe} FEE S garah
TEL : 055-320—-3206, FAX @ 055-334-1577
E—mail : jhkim@physics,inje ac kr

xerographic photoreceptor material but also because
2)_ There

are a number of potential applications for selenium-—

of its very interesting physical propertylh

. . .3
imaging devices”,
)

based glassy alloys in optical
. While traditionally

a—Se was employed in Xerographyﬁ), more recently

storage“, and fiber optics5

this material has been used as the X—ray photo-
)

conductor in flat—panel X-ray image detectors’
The amorphous selenium film that is currently

being studied for use an X-ray photoconductor is
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not pure g—Se but rather g—Se alloyed with 02—
0.5% As (normally 0.3% As) and doped with chlorine

(C1) in the 10-20 ppm range,
8-9)

also known as
stabilized g—Se” ', A small amount of As in g—Se
film is added to enhance the thermal stability of
the amorphous state, But a high As addition
induces the undesirable hole traps in g—Se : As film,
It is well known that doping @—Se film with small
amounts of Cl in the ppm range is necessary to
reduce the deep traps associated the arsenic atoms,

The mobility and the recombination lifetime of
electrons and holes in semiconductors are important
parameters that determine the performance of many
devices, such as solar cells or thin film tran

. 10-11)
sistors

. The moving photo—carrier grating (MPG)
technique allows us to determine the carrier mobility
and recombination lifetime of electrons and holes in

. 11-12
semiconductors )

. This technique utilizes a moving
intensity grating that is generated by the super
position of frequency shifted laser beams for the
illumination of the sample, While a several MPG
measurements have been carried out on the transport
properties of amorphous silicon (g—Si) sample in
the past, the transport phenomena for g—Se films
using MPG method have not been accomplished yet,

We focus on the transport properties of a—se—y
As{x=0,001, 0,003, 0,01, 0.05, and 0.1) films related
to the underlying electron and hole drift mobility
and recombination lifetime, The electron drift mobility
and the hole drift mobility were obtained as a func-
tion of As addition in g—Se films to find out the
a—Se based X-ray detector with the high performance,
The dependence of recombination lifetime on the As
addition in g—Se film is also reported in this study,
The X-ray sensitivity for g—Se: As film is carried
out to compare with the transport property of g—Se

. As films obtained by MPG measurement,

0. Experiment

The starting materials for sampleswere prepared
by mixing 99.999% @—Se (Nippon Rare Metal Co,

Japan) and 99.999% As (Nippon Rare Metal Co,
Japan) in a weight ratio of 0.1, 0.3, 1, 5, and 10%,
As—doped g—Se films were deposited on the Corning
glass by the thermal evaporation technique under
107° Torr. Prior to film deposition, the Corning
glass was washed by ultrasonic cleaner and rinsed
with deionized water and, finally blown dry with M
gas, The transmission for 30um g—Se.As(between
x=0 and 0.1) films was measured to determine the
absorption of @—Se:!As films using the visible
spectrophotometer, The bandgap energy F, of a—
Sei—Asy was estimated from these absorption spectra,
The thickness of a—Se ! As films for MPG measurement
was about 100 ym, The parallel gold electrodes with
1mm spatial separation were coated by thermal
evaporation to measure the weak current flowing in
a—Se . As film, For dark— and photo—current measure
ments, g—Se (30 yum thickness) based X—ray detectors
for 3 As additions (x=0,001, 0,003, and 0,01) were
also fabricated to obtain the X-ray sensitivity as a
function of applied electric field, Polyparaxylylene
layer (10 ym) as a dielectric layer was coated on the
a—sei—As, films of g—Se based X-ray detectors using
Paraxylylene Deposition System (PDS 2060, SCS Co,
USA), Au top electrode for I-V measurement was
evaporated on the paraxylylene layer by thermal
evaporation,

The experimental setup used for the MPG mea-

surement is shown in Fig, 1, Two coherent laser
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Ag. 1. Experimental set-up for the moving photo-carrier
grating measurement
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beams of wavelength A that form an interference
pattern on the sample surface, The beams impinge
under an angle § resulting in an intensity grating
with spatial period A=A/[2sin(8/2). A well—defined
frequency difference Af is introduced between the
two beams so that the intensity grating moves with
a velocity vg= AAf, This movement is achieved
through acousto—optic modulators in each laser
beam. The approach to calculate the current density
induced by the moving intensity grating is described
in Ref'.

The light intensity at the surface of the sample
(the x coordinate) has a spatial and temporal

dependencen' 19,

I, B = L+ D) +2V L1, coslx—wgt),

where I1 and [, are the intensity of the two
beams, and k is the spatial frequency (k=2r/A),
wgr is the angular grating velocity (wgy = 2mvg/A).
MPG measurements were performed by using the
line A =532 nm,

This technique utilizes a spatially and temporally
modulated light intensity for the generation of
photocarriers, which leads to a modulation of the
carrier density, The different mobilities of electrons
and holes introduce a phase shift between the
charge distributions, The resulting internal electric
field produces a grating—velocity dependent short
circuit current ji. The very existence of ji points
to different mobilities of electrons and holes and
the analysis for the sign and the shape of j.(vg)
allow the determination of the values of the carrier
mobility and their recombination lifetime, The short
circuit current in g—Se sample is typically in the
range of 107°~107"®A, which can be measured using
an electrometer, The MPG technique was applied to
a—Ser—Asy(between x=0 and 0.1) films, The laser
angle 6 for MPG measurement samples was 21,17,
which gives the grating period of A=145ym,

The dark current flowing in fabricated g—Se: As
based X-ray detector was measured at dark state

(without X—ray exposure) while applying an electric

field from 2 to 10 V/um, The experimental setup for
measuring dark current as shown in Fig, 2(a) was
composed of a current amplifier (Keithley Model 428)
for measuring small dark current, and a power
supply (EG&G 558H) for applying high electric field,
The measurement of photo—current as shown in
Fig. 2(b) was similar to that of dark current, with
the addition of X-ray exposure, X-ray exposure
conditions were 70 kVp, 100 mA and 0,003s, respec
tively, Al layer with 2.5 um thickness was also used
as an X-ray absorption layer to control the X-ray
dose exposing on the g—Se: As film, The exposure
dose on the surface of the X—ray film was monitored
with an ion chamber 2060 (Radical Cooperation,
USA) during measurement, Experimental setup was
protected by a custom made Al case, After applying
high electric field of DC 1-5kV to the fabricated

X—-ray detecting device, the output terminal of the
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Fg. 2. Block diagram for (g) dark current measurement
(b) photo-current measurement
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current amplifier was connected with input of an
oscilloscope to collect the electrical signal,

The X-ray sensitivity for a—Sei—As, can be obtained
from the photocurrent divided by dark current. The
X-ray sensitivities for g=Sei-Asdx=0.001, 0,003, 0.01,
0.05, and 0,1) films were measured as a function of
applied electric field to investigate the X—ray response

with respect to the As additions,

[II. Results and Discussions

Arsenic (As) atoms have only five electrons in
their outermost shells (4524p3), while selenium (Se)
atom have six (4524p4), Arsenic presence in Se
leaves vacancies called holes in the electron structure
of Se atom, Therefore, As addition in g—Se film
increases the hole mobility because the presence of
As in g—Se film provide accepter energy level, just
above the highest filled band, The bandgap energy
E, of a—Sei—As,(0,001 < x < 0.1) was estimated from
absorption spectra obtained by the visible spectro-
photometer, The energy band of a—Sei-Asc films
decreased from 2.22eV to 1.83eV when 0001-0.1%
As were added to g—Se films,

The short circuit currents measured for g—Sei—Asy
(0,001 <x<0.1) films as a function of v, are
plotted in Fig, 3. The short circuit currents is zero
for yg=0 and decreases linearly for small values of

vgr. After reaching a minimum, js increases steadily
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Fg. 3. Curent density as a function of for

up to the highest grating velocity used in this
study, MPG curves for g—Se:As film exhibit the
different behavior when compared with those for
a-Si:H”. The inverted MPG curves of g—Se: As
film compared with the MPG curves of g—Si:. H are
due to the positive photocarrier charges, holes. The
dominant mobility carriers are holes for g—Se films,
whereas those are electrons for g—Si: H films13),

The carrier mobilities u, and g, are obtained by
fitting the measured short circuit current to the
theoretical expression derived by U, Haken et al, “),
The electron and hole drift mobility for a—Sei-xAs«
films are plotted as a function of As addition in
Fig. 4. The hole drift mobility exhibits the apparent
increase at the As addition of x=0,003 between x =
0.001 and x=0,01, whereas electron drift mobility
decreases with As addition, The hole mobility
decreases due to defect density of deep hole traps
when x =0,003 exceeds, after hole mobility increases
in low As addition(0,001 < x < 0.003),

The dependence of the recombination lifetime on
the As addition in g—Se films is shown in Fig, 5.
This behavior is understood, if one considers that
holes dominantly recombine, after they were excited
from localized into extended states. We have found
the apparent increase of 7p at the x=0,003 between
x=0.001 and x=0.1, and tp increases with respect
to As addition when As»addition exceeds x =001,
We assign this change to the contribution of two factors

. a small additions of As in g—Se films up to x=
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Fig. 4. The electron and hole drift mobility as a function of
As addition
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0.003 enhance the electric conductivity of a—Sei—x
As, films, while further As addition induces the
undesirable hole traps in g—Se samplesm .

The X-ray sensitivity of the fabricated g—Se: As
detectors for 3 As addition is shown as a function
of electric field in Fig, 6, The X-ray sensitivity in-
creases as the electric field increase from 2 to 10 V/um,
Experimental data indicates that the X-ray sensitivity
for 0.3% As added ag—Se detector exhibits higher
value than those for others, The X-ray sensitivity
for 0.3% As added a—Se detector was 170 pC/mR/ar.
These results mean that the combined structure
between g—Se and As effectively influences the
recombination of the electron—hole pair created by
X-ray exposure, The g—Se: 0.3% As film contributes

a stable g—Se structure for collecting a created charges,

IV. Conclusion

The electron drift mobility and the hole drift
mobility were obtained as a function of As addition
in g—Se films to find out the g—Se based X-ray
detector with the high performance, The hole drift
mobility exhibits the apparent increase at the As
addition of x=0,003 between x=0,001 and x=0.1,
whereas electron drift mobility decreases with As
addition, A small additions of As in g—Se films up
to x=0.003 enhance the electric conductivity of
a-Sei—xAs; films, while further As addition induces
the undesirable hole traps in g—Se samples, Mea-
surement indicates that the X-ray sensitivity for
0.3% As added g—Se detector exhibits higher value
than those for others, The X-ray sensitivity for
0.3% As added a-Se detector was 170 pC/mR/cnt.
These results mean that the combined structure
between g—Se and As effectively influences the
recombination of the electron—hole pair created by
X-ray exposure, The g—Se :0.3% As film contributes
a stable g—Se structure for collecting a created

charges under X-ray exposure,
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