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Radiation damage studies of amorphous-silicon photodiode sensors
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The high radiation tolerance of hydrogenated amorphous silicon (a-Si: H) is one reason it has become a candidate for high-energy
physics applications and for radiotherapy and diagnostic imaging. The performance of 1 pm and 5 pm a-Si: H n-i-p photodiode
sensors used in conjunction with Lanex (Gd,0,S:Tb) intensifying screens has been measured as a function of high-energy photon
dose. Over the course of irradiation with a *°Co source to a total dose of ~10* Gy the output signal due to the sensor-screen
combinations experienced maximum variations of —1.3% and +2.7% for the 1 pm and 5 pm sensors, respectively. Transient effects

associated with the sensors and screens are also reported.

1. Introduction

The radiation hardness of hydrogenated amorphous
silicon (a-Si: H) makes it a candidate for applications
involving high radiation doses {1-3]. One such applica-
tion would be in high-energy particle physics as a
two-dimensional particle detector [4]. Another applica-
tion is in radiotherapy imaging where high-energy pho-
ton beams are used to deliver lethal doses of radiation
to a prescribed treatment volume. Here a large array of
a-Si: H photodiode sensors with addressing transistors
would be placed behind a patient during treatment. The
imager would serve to verify the geometrical alignment
of the beam with the treatment volume [5,6].

Present technology for the fabrication of large-
surface-area a-Si: H arrays limits the intrinsic thickness
of the sensors to about 3 pm. The fraction of high-en-
ergy photons used in radiotherapy (up to 50 MeV) that
interact in such a thin intrinsic layer is very small, on
the order of 10™°. Therefore, instead of relying on the
direct conversion of high-energy photons to signal elec-
trons in the intrinsic layer of the sensor, a different
approach is necessary. A converting material, such as
~ 1 mm of copper, is placed over an intensifying screen
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which is in direct contact with the surface of a photodi-
ode array. Approximately 1% of the high-energy pho-
tons incident on the converting material result in high-
energy electrons which enter the screen causing it to
scintillate [7]. This visible-wavelength light from the
intensifying screen is then detected with up to ~ 90%
efficiency by the sensors [8]. Presently, our group is
developing such a radiotherapy imager and has studied
the radiation-damage effects upon the signal from two
a-Si:H n-i-p photodiode sensors as a function of
delivered dose. These were of the same general composi-
tion as planned for a full imaging array that will be
used in conjunction with intensifying screens.

2. Setup

In order to determine the radiation-damage char-
acteristics of a-Si:H photodiode sensors as a function
of i-layer thickness, a 5 pm and a 1 pm a-Si: H sensor
were irradiated. Both sensors had 20 nm thick n- and
p-layers and an active region of ~ 1 cm?. The sensors
were constructed by shadow-mask techniques rather
than the more precise photolithographic techniques
which are used in array construction. This results in
edge effects which give a factor of approximately 103
higher leakage currents. However, the radiation-damage
characteristics of both will be comparable since the
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a-S1: H films are deposited by the same technique for
both the shadow-mask and photolithographic sensors.
The detailed structure of the sensors has been described
elsewhere [5].

The radiation source was an ~ 2300 Ci *°Co radio-
therapy treatment machine. In order to ensure that the
dose rate to the sensor was maximized and well known,
a special mount was constructed. This consisted of an
aluminum block with a milled depression for placement
of the sensor. A Lanex intensifying screen (Gd,0,S : Tb)
was placed directly on top of the sensor. This screen
emits at a number of discrete wavelengths, the principal
one being at 545 nm [9]. A 5 mm thick piece of plexiglas
was fastened to the aluminum block, in direct contact
with the Lanex screen (see fig. 1). The plexiglas served
as the converting material and its thickness was chosen
to maximize the dose to the sensor. The sensor was
placed 31.2 cm from the source. At this distance the
dose rate was determined to be 2.1 X 102 Gy/h using
standard dosimetric techniques [10].

The 1 pm and 5 pm sensors with their respective
Lanex screens were irradiated separately to a total dose
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Fig. 1. Schematic diagram of the experimental setup. The
sensor and screen are situated in a milled slot of aluminum
under 5 mm of plexiglas, thus ensuring they receive the maxi-
mum dose. The high-energy photons interact in the plexiglas,
creating high-energy electrons which enter the intensifying
screen and cause it to scintillate. The visible light from the
intensifying screen is then detected with high efficiency by the
Sensor.

of ~10% Gy. This is about the same dose an imaging
array would receive after about four months of oper-
ation in a radiotherapy treatment room. Control sensors
and screens were used to differentiate between sensor
and screen effects. To ensure full depletion of the
intrinsic layer, the 5 pm sensor was reverse-biased at 5
V and the 1 pm sensor was reverse-biased at 1.6 V.

The sensors were irradiated for intervals of 1 (1 um)
or 2 hours (5 pm). The sensor current with the beam off
(the leakage current) was measured between each irradi-
ation interval. The beam current, being the sum of the
leakage current and the radiation-induced signal cur-
rent, was measured during the irradiation intervals. In
this fashion, the signal current could be deduced from
the beam and leakage current measurements.

As the leakage current slowly decayed to an asymp-
totic value after the beam was switched off (see fig. 3),
the leakage current measurements were performed after
a delay of 3 and 20 min for the 1 pm and 5 pm sensors,
respectively. These time intervals were chosen so that
any further changes in leakage current were less than
0.1% of the signal current.

3. Results and discussion

For both the 1 pm and 5 pm sensors, transient
effects in the signal response were observed. During the
first hour of irradiation the beam current decayed to an
asymptotic value in ~ 30 min. During subsequent hours
of irradiation, the beam current quickly decayed to an
asymptotic value in ~ 2 min. This is shown in fig. 2 for
the 5 pm sensor (the 1 um sensor showed similar
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Fig. 2. Illustration of the two transients observed upon turning

the radiation source on. The first-hour transient was de-

termined to be a property of the Lanex screen and had a decay

time of ~ 30 mun. The second and subsequent hour transient

seemed to be a property of the sensor and had a decay time of
~ 2 min.
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Fig. 3. Illustration of the leakage transient after turning the
radiation source off. The solid line is a logarithmic fit to the
data.

transients). The long decay was determined to be a
property of the Lanex screen and was reproduced by
either exposing the screen to light or thermally anneal-
ing it. The short decay seemed to be a property of the
sensors and is currently undergoing further investiga-
tion. Fig. 3 shows the leakage behavior after the beam
was turned off for the 5 pm sensor. The decay was
logarithmic and is due to thermally activated release of
charge that is trapped in the intrinsic layer during
irradiation. The charge 1s trapped at localized states in
the band gap which arise from defects in the undosed
i-layer of the sensor. Because of these hourly transients,
the beam current and leakage current were evaluated
after their respective transients had died away. Figs. 4
and 5 show the signal and leakage currents as a function
of dose for the 1 pm and 5 pm sensors. For the 1 um
sensor the signal current decreased (1.31 + 0.03)% over
the total irradiation. As this decrease was of the same
order as the reproducibility of the setup, it was not
possible to determine whether it was due to sensor or
screen degradation or a combination of both. It was
determined, however, that neither the sensor nor screen
output increased with dose, thus eliminating the possi-
bility of one’s improvement masking the other’s de-
gradation. The leakage current showed no definite trend,
varying +5% about its average value. For the 5 pm
sensor the signal current increased (2.7 +0.2)%. The
measurements with the 1 pm sensor indicated that the
Lanex light output remained relatively constant over the
course of a 10* Gy irradiation. This implies that the 5
wm sensor output improved with dose. The leakage
current decreased (21.5 + 0.4)% over the period of the
irradiation.

Figs. 4 and S show that the signal current from the 1
pm sensor is ~ 77% of the signal current from the 5 pm
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Fig. 4. Signal and leakage currents as a function of delivered

dose for the 1 pm sensor. The signal current decreased (1.31+

0.03)% and the leakage current showed no defimte trend,
varying + 5% about its average value.

sensor. Since the sensors are detecting visible-wave-
length light emitted from the Lanex screen and 1 pm is
sufficient to completely absorb the primary emission
wavelength (545 nm), the two signal currents should be
the same. This discrepancy could be due to several
factors. One factor is that the 1 pm and 5 pm devices
were fabricated separately. This could result in varia-
tions in the ITO and p-layer thickness which would
strongly affect the absorption characteristics of the
sensors. Another factor is that the Lanex light-output
spectrum has not one but several distinct peaks, the
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Fig. 5. Signal and leakage currents as a function of delivered
dose for the 5 pm sensor. The signal current rose (2.7+0.2)%
and the leakage current decreased (21.5+0.4)%.
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primary one being at 545 nm. The 5 pm device is more
strongly absorbing for the lower-energy peaks than the
1 pm device which could result in an ~ 10% difference
1n signal currents.

4. Conclusion

The radiation-damage characteristics of two a-Si: H
n-i—p photodiode sensors used in conjunction with
Lanex scintillating screens was studied over a 10* Gy
irradiation. The 1 pm sensor suffered a 1.3% drop in
signal output while the 5 pm sensor had a 2.8% increase
in output. For both sensors the dark currents remamed
stable. Transient behavior of the sensors was also
studied. On the basis of these results we conclude that
such a-Si:H photodiodes satisfy the requirement of
radiation hardness for applications involving high
gamma-ray doses.
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