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Photodiode Behavior in Radiation Environment

D. Nikoli¢c, A. Vasic, I. Fetahovic, K. Stankovic, P. Osmokrovic

Abstract: Possibilities of application of photodetectors based ootqdtiodes are very high,
primarily because of their relatively low cost, small sizeldigh speed response (among the
highest in comparison to all other types of detectors). Hardike all other types of pho-
todetectors, photodiodes have certain limitations andddiantages, too. If the photodiode is
powered by the constant voltage, its response (currentaistipally identical to the techni-
cal information provided by the manufacturer even if it hasvpusly been subjected to the
radiation (in that case the current is only a bit weaker). mdther hand, if the voltage is
not constant and the photodiode is located in the areas withgsgamma radiation, then its
response varies from the one that is expected. Therefagdnthrovement of the electrical
properties of photodetectors based on photodiodes is rggritant. The aim of this study was
to research the behavior of photodiodes in nonideal candit{variable voltage power supply
and the environment with strong gamma radiation).

Keywords: Photodiode, time-varying voltage, gamma radiation, |-¥rettteristics, antireso-
nance, high harmonics of current

1 Introduction

Photodiodes are some of the most used photodetectorsorSHiiN photodiodes have sta-
ble amplification, require less than 100V power supplies,isgensitive to magnetic fields,
have high quantum efficiency (50 - 80% in the visible specjturan be made in small
sizes (minimum dimension of the optical surface is appretety 100m, minimum depth
is approximately 2mm including substrate), are relatiieBxpensive and can be made in
close packed arrays [2]. Very important facts that deteertine quality of photodiodes used
as photodetectors are the response of photodiodes (forAv @hlracteristics ie. whether
the current is constant) and the behavior of photodiodessgto radiation. This is im-
portant because the photodetectors are widely used andfteasexposed to various forms
of radiation in the enviroment where they are found (nataosimic enviroment, the upper
layers of the atmosphere, military and civilian nucleariemaent, etc.)
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Photodetectors (photodiodes) are typically used in revbras. In the dark, current
dependence on voltage (I-V characteristics) of photodiatte as the same as the charac-
teristics of rectifier diodes. In that case, only the leakageent flows through the photo-
diode. When the photodiode is exposed to the effects of, lidjein the photon energy is
used to break the covalent bond releasing electrons antingreehole in the process. If the
generation of electrons and holes occurred in the depletiea, then the existing electric
field removes them from that area before they get a chancetonfgne. As a result, the
reverse current (photocurrent) occurs. Photocurrent ginyproportion to the intensity of
light. For larger values of reverse bias voltage photocurdees not depend on the applied
voltage but is practically constant. The speed of electrole- pairs generation under the
influence of light limits the photocurrent. The number of gexted electron-hole pairs in-
creases only with the increasing of the light intensity [14Tko, the number of collisions of
electrons with phonons in the semiconductor crystal katiticreases at the higher reverse
bias voltage, so the speed of directional movement of chaaggers less depends on elec-
tric field. The speed of moving carriers through the crystdimited. When the moving
carriers reach the highest speed, further increasing aléwtric field does not increase the
speed of directional movement of carriers but only theiekimenergy [18]. This means
that the voltage at which the photodiode is connected dbesed to be constant. If it is
DC voltage and its RMS is high enough, the current that flowtimgugh the photodiode
will be constant.

On the other hand, optoelectronic devices in which the aalements are semicon-
ductors are usually sensitive to radiation because theratimo or generation of light in
solids is influenced by the defect in the structure of thatiomad1-5]. For this reason,
extensive research has been undertaken to develop semitondevices that can operate
under conditions of increased radiation.

The aim of this study is to assess the response of the phd®tiicthe connected vari-
able DC voltage while it is simultaneously exposed to gamaoization.

2 Experimental procedure

A large number of photodiodes (40 photodiodes) have beathindhis experiment Photo-
diodes are silicon PIN photodiodes BPW34, with high speetregh radiant sensitivity in
miniature, flat, top view, clear plastic package. Itis stives to visible and near infrared ra-
diation, produced by VISHAY. Some of the characteristicthefse diodes are: dimensions
5.4 x 4.3x 3.2 mm, radiant sensitive area 7.5 rhrangle of half sensitivityp = +65°. The
data about these photodiodes can be found at www.vishay.@tm photodiodes are first
connected to stabilized DC voltage (constant) and theirdR¥racteristics (photocurrent)
have been measured. Then they are connected to variable IXQe/at 50Hz frequency
(asin Fig. 1.) and their I-V characteristics have been measagain.

After that the photodiodes were exposed to irradiation dfs2000 Gy and the I-V
characteristic (with the attached voltage as in Fig 1.) waasured immediately after the
irradiation (within the first 12 hours after the radiatioRadioactive source for irradiation
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Fig. 1. Voltage connected to photodiode

was a Co-60, with the energy of 1.17 MeV, and half-life timeéd7 years (this energy is
sufficient for the creation of electron-hole pairs). Thesgth of the dose was 100 Gy/h
at a distance of 150 mm away from the radioactive source. Treagth of the dose was
measured by electrometer UNIDOS with ionization chamber30812-0172, produced by
PTW, Germany. Measurement uncertainty of the system ighessl.2%. The components
were irradiated in the air at a temperature of 21 C and r&ditivmidity of 40% to 70%.

The professional digital multimeter AMPROBE 33XR was usedthe current mea-
surement. The accuracy of this instrument (for DC curres)1% of reading. Taking this
into account, the combined measurement uncertainty wagshes 1,2% for all measure-
ments performed within the experiment.

Also, an oscilloscope was used for the waveform current oreasent.

3 Results and discussion

3.1 Response of the non-irradiated photodiodes

Figure 2. shows I-V characteristic of photodiodes when th&yconnected to a constant
voltage of the stabilized source and to a variable voltage fithe unstabilized source (as in
Fig. 1).

Photodiode response at a constant voltage power supplynisstlidentical as in the
technical information provided by the manufacturer, wiiile photodiode response has an
unusual shape at a variable voltage power supply. The kistiaghe of |-V characteristic in
this case depends on two factors, frequency of supply weléagl photodiode capacitance.
Since the reverse biased PIN photodiode can be equivalemigsented as in Fig. 3 [19],
it will act as a resonant circuit if we connect it to the vokaas in Fig. 1

Not that the capacitance of the PIN photodiode is very snethbse of the depletion
layer but it even decreases with the increasing voltage {dube increase of potential
barrier width), while the conductivity increases [19]. Diwecapacitance and conductance
changes, an antiresonance will happen at one moment andrtie@tcwill have a minimum
value (Fig. 2) [20]. Waveform of photocurrent for differamltage RMS is shown in Fig.
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Fig. 2. I-V characteristic of the photodiode connected ttahiized and unstabilized power source
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Fig. 3. Equivalent circuit of reverse biased PIN photodiode
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Figure 4(b) shows the voltage at which the photocurrent getegative value ie. the

moment when the diode begins to oscillate (about 6V). Figifod shows the voltage at
which photocurrent has the largest negative peak, ie. thmenbwhen the antiresonance
appears (8V). Figure 4(d) shows the moment when the osoillatof photodiode stop.
The capacitance of photodiode is this big at higher voltdlgasit acts as a filter capacitor
stabilizing current through the diode (Fig. 4(f)). Praalig, the photocurrent has more
or less pronounced higher harmonics up to the voltage of Whlle the photocurrent is

sinusoidal for larger values of voltage.
It is obvious that the photodiode acts as a resonant cirtwibleages of about 6V to

about 11V. Itis also worth noting that changes of the curaeatinear (Fig.2) at the voltage
range from 9V to 13V, which means that the impedance (adnaigpof the photodiode is
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Fig. 4. Waveform of photocurrent for different voltage RMg§V = (0—5)V; (b)V =6V; (c)V = 8V; (d)
V =11V; (e)V = 13V; () V = 15V

constant at that voltage range (Y=const). We can write
=YV 1)

wherel andV are RMS of current and voltage of photodiode ani@ the RMS of photodi-
ode admittance. If equation (1) is differentiated\bywe get:

dl dy dv
SinceY = const we can write
dl
FVa Y 3)
and
Y = tana 4)

whereaq is the angle between |-V characteristic and the x-axis (withe voltage range
where the change of photocurrent is linear). In that wayRikES of admittance or impedance
of the photodiode can be determined within this voltage eafigm 9V to 13V).
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3.2 Response of the irradiated photodiodes

The I-V characteristics of photodiodes have been measutedthe exposure to gamma
radiation. Figure 5. shows a reduction of photodiode curaéer irradiation, as expected.
It is known that gamma rays consist of gamma quanta that ifhofoms of great energy.
During the interactions with the photodiode, gamma raye giVarge amount of energy to
the electrons (in this case 1.17 MeV).

350 Photocurrent, I, uA

300

250
200

1508f - N

|Before irradiation
| - ‘. = - v - .. -
100 |After gama irradiation

50

Applied voltage, V, Volt
2 4 6 8 10 12 14 16 18 20

Fig. 5. I-V characteristics of photodiodes before and aftadiation

Gamma ray (high energy photons) interact with orbital etew via photoelectric and
Compton effects. If the energy of gamma ray is high enougbv@beveral hudred keV) the
pair generation occurs. The energy spectrum of the energletttrons is called "slowing
spectrum”. The energetic electron interacts with a latiitmen. As a result, the lattice atom
is displaced from lattice site. This is so called Primary Bkon Atom (PKA) [14, 15].
Interstitial (PKA), vacancy, and complex of them form a déeyel in bandgap. This is
so-called the generation-recombination centre. The régmation centres in bulk region
cause the reduction of carrier lifetime. In addition theplkwels compensate the donor or
acceptor levels resulting in the reduction of effectiveiearconcentration (Carrier Removal
CR effect). Because of this, the depletion layer width beedomg. The depletion layer
width strongly affects the photocurrent so the photocurdecreases.

What is not expected is that the photocurrent found in restmaage is higher after irra-
diation (Fig. 5). This can be explained by the fact that thetpturrent has negative value
in some periods during the oscillation of the photodiode, in these periods it is flowing
in the opposite direction. Due to constant changes of matimction the charge carriers
don’t have enough time to recombine, their lifetime is irmgiag and thus the current is
higher.

4 Conclusions

Previous results have shown several things. Photoculremigh the photodiode connected
to the variable DC voltage is also variable. Because ofiitesire and characteristics, pho-
todiode will act as the real resonant circuit. If the RMS &ght increases, as a result of
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changes in photodiode capacitance and a constant freqoéncjtage, the antiresonance
will appear at a certain voltage and photocurrent will havaimimal value. With further
increasing of the voltage, as long as oscillation of phatddilasts, changes in capacitance
and conductance of photodiode are such that its admittaraenistant. When the photodi-
ode capacitance is reduced enough, the photocurrent alilllige and become sinusoidal.
Also, it is noted that gamma radiation strongly afects thallasory mode of photodiodes,
so thE photodiodes then conduct a larger photocurrent Theoginde oscillation is the
main cause of RMS current increasing because during théabsei there are time inter-
vals in which the photocurrent is negative.
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