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Abstract

The effect of active and passive power modes on the resistance of the LEDs (LEDs) made of multilayer AlGaAs heterostructures to gamma-quantum irradiation was
studied. Three characteristic stages of emission power reduction during irradiation are distinguished for the studied LEDs irrespective of the power supply mode. When
irradiating LEDs in the active power supply mode, two differently directed processes of changes in the emission power are observed. The assumption is made that the first
process is caused by a decrease in the LED emission power due to the injection of appropriate radiation defects. The second process is caused by a partial recovery of
the emission power due to radiation, radiation-thermal, and/or electrostimulated annealing of some of the defects created. The observed recovery of the emission power
in the active power mode of the LED during irradiation significantly increases its resistance to gamma-ray irradiation.

Introduction

LEDs are widely used in almost all branches of science
and technology, including fiber-optic communication lines,
integrated optoelectronic devices, open-channel optical
communication systems, medical instrumentation, etc. At the
same time, various LED-based devices very often operate under
harsh conditions [1-3]. In particular, LED-based devices are
exposed to various types of ionizing radiation and operational
factors in the conditions of space and nuclear power facilities.
High responsibility and harsh operating conditions of LED-
based devices are the main reasons for the study of relevant
degradation processes.

During operation, the LEDs can be in different power modes.
In this case, we can distinguish between passive (without
passing operating current) and active power modes, in which
a direct electric current flows through the LED and there is a
separation of electron-hole pairs generated in the active layer
of the LED under various external influences.

On the other hand, the rates of introduction of radiation
defects into the neutral volume of the semiconductor structure
and into the region where the separation of electron-hole pairs
occurs and the induced current appears can differ significantly
under the action of ionizing radiation [4,5].

The flow of direct current during the operation of the LED in
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continuous power mode leads to an increase in the temperature
of its active layer, which may result in the thermal annealing of
introduced defects [6].

The most currently studied LEDs are based on AlGaAs
heterostructures [7,8].

The purpose of this work is to study the regularities in the
change in the emission power of LEDs in the IR wavelength
range, fabricated based on AlGaAs heterostructures when
irradiated with gamma rays in passive and active power modes.

Objects and research methods

The objects of study in this work are industrial LEDs in the IR
range, fabricated based on a multilayer AlGaAs heterostructure.
The production technology is described in detail in the work

(9l.

The fabricated crystals were mounted in an optical
compound, which additionally had a lens to form a directed
beam of radiation. Since the results of preliminary studies
showed that the used optical compound does not change its
optical properties when exposed to gamma rays up to the
absorbed dose Dy = 5 10° Gy, all changes in the LED optical
properties as a result of irradiation can be explained only by
changes in the optical properties of the LED active element
(crystal).

In this paper, we used the watt-ampere characteristic
(P-I) as the main lighting characteristic of the LEDs, which
determines the dependence of the LED emission power on
the operating current. An automated measuring complex
based on a photometric sphere was used to measure the P-I
characteristic, which allows determining the direct voltage of
the LED in the range from 0 V to 5 V for the range of direct
currents 0 - 500 mA in increments of not less than 1 mA. This
device is designed to measure the direct voltage drop across
the LED and the dependence of the emission power of the LED
on the value of the direct current through it. The structural
scheme of the measuring complex is shown in Figure 1.

The LEDs were irradiated with gamma-quanta on a
stationary isotopic unit (°°Co) under normal conditions in
different power modes. The level of gamma-quantum exposure
was characterized by the absorbed dose Dy( Gy(Si)).

A special cassette was made to supply bias voltage during
irradiation in order to perform irradiation with different LED
power modes. Passive and active LED power modes were used
during irradiation:

- Passive mode (LED1) - open circuit, LED electrical outputs

1 2 3 4
5 6
pc MEASURING | o d o photometric
UNIT hd ] - sphere

Figure 1: Structure scheme of measuring device: 1 - a computer with necessary

software; 2 - measuring unit; 3 - adapter; 4 - photometric sphere; 5 - RS232 cable;
6 - cable.

are open. In this case, there is no space charge region and
induced current (this mode is typical for LED storage);

- Active mode (LED2) - direct current transmission Iop =
50 mA.

A separate sample with at least 10 LEDs was used for each
power mode. The results of the experiment were statistically
processed using OriginPro 2015 (OriginLab Corporation,
Northampton, MA, USA).

Results and discussion

As a result of gamma-ray irradiation, both catastrophic
and parametric LED failures due to various causes have been
observed. The analysis of catastrophic failures is a subject of
a separate study due to the need for special equipment and
appropriate methods of analysis.

For more efficient analysis of changes in LED parameters
during irradiation, we used the normalized change in LED
emission power, which is defined as follows:

B, (Iyp)

Y op
——=F(D)) ()

Where P, (Iop) and Py (IUP) are the emission powers of the
LEDs, measured at a given operating current before and after
irradiation with gamma rays Dy.

The use of such normalization of LED emission power
makes it possible to compare the results of LED studies with
different initial individual characteristics.

Figure 2 shows the change in the normalized emission
power of LED1 when they are irradiated with gamma rays in
the passive mode. The presented results of LED1 studies allow
us to distinguish three characteristic stages of power change:

Stage I: Dy < 3-105 Gy

Stage II: 3-105 Gy < Dy < 2:10° Gy, characterized by a sharp
drop in the emission power at the beginning and a partial
recovery of the power at the end;

Stage III: Dy > 2-10° Gy, characterized by partial recovery of
emission power with subsequent recession and appearance of
catastrophic failures.

10° 10° D, Gy

Figure 2: Normalized change in the emission power of the LED1 measured at
lop = 50 mA at gamma-quantum irradiation in the passive mode; symbols are
experimental data; lines are established regularities; I, 1l, and Il have selected

stages of the emission power changes; vertical arrows are boundaries between
selected stages.
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Consider the change in the normalized emission power
of LED2 during irradiation in the active power supply mode,
which is shown in Figure 3.

Figures 2,3 show that in the active mode of LED, there is
a significant increase in the resistance when irradiated with
gamma rays as compared to irradiation in the passive mode
of power supply. Figure 3 also highlights the three stages of
emission power reduction.

Let us consider in more detail the change in the emission
power for LED2 at stage I. The following relation can describe
the observed pattern of change in power for stage I:

P, ; (2)
() =1k D, atD, < 34:10°Gy

0
Where Py/Po (I) is the change in normalized emission
power of LED2 at stage I of power decrease; k, = 7-1077 Gy is
the damage coefficient of LED2 at stage I of power decrease.

P 5 6
#(11)=B—k11~1)y at3.4-10°Gy <D, < 3-10°Gy (3)
0
Where B = 0.82 - proportional coefficient, whose value is
determined by the stage II contribution to the total emission
power decrease; k= 2.2:107 Gy - II stage damage factor of
LED2.

At Dy > 3-10° Gy, stage III appears, which is characterized by
unstable LED performance and the appearance of catastrophic
failures.

Two simultaneous multidirectional processes can describe
the observed increase in the resistance of LED2 compared to
LED1. The first one is related to the reduction of the emission
power because of irradiation due to the introduction of radiation
defects. The second is a partial recovery of the emission power
due to radiation, thermal, and/or electrostimulated annealing
of the introduced radiation defects. As the irradiation dose
increases, the process of generating radiation defects becomes
predominant, which leads to a decrease in the power of the
LEDs. Similar phenomena have been observed in other works
[10-12].

The results of these studies do not allow us to make
assumptions about the nature (structure) of the defects that
are involved in the processes described above. The study
of the structure of these defects is the subject of separate
investigations.

PP,
1 —ﬁg_‘_.(\z)‘\&“
*\‘Q
o
‘\
i &Y
| 4|
oy
|
I I 11 lm
! |
0.1 L A 1 il

.
10 10° 10°  D,aGy

Figure 3: Normalized change in the emission power of the LED2 measured at lop =
50 mA at gamma-quantum irradiation in the active mode; symbols are experimental

data, lines are established regularities; |1, 1l, and Il are selected stages of the
emission power changes; vertical arrows are boundaries between selected stages.

Conclusion

The influence of active and passive power modes on the
resistance of the LEDs fabricated based on a multilayer AlGaAs
heterostructure, to gamma-quantum irradiation.

For the investigated LEDs, regardless of the irradiation
supply mode, three characteristic stages of emission power
reduction are distinguished. The second stage is characterized
by a higher damage coefficient and the third stage is
characterized by the appearance of catastrophic failures.

Two simultaneous differently directed processes describe
the increase in the resistance of LEDs in the active power mode
compared to LEDs in the passive power mode under gamma-
quantum irradiation. The first process is due to a decrease in the
emission power because of the introduction of radiation defects
during irradiation. The second process is a partial recovery of
the emission power due to radiation and/or electrostimulated
annealing of part of the created defects.

The relations that describe the reduction of LED power in
the active power supply mode during gamma-ray irradiation
were established, three characteristic stages were identified
and their boundaries were determined.

The research was supported by the Tomsk Polytechnic University
Development Program.
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