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Abstract. The quantum efficiency of AlinGaN-based LED structures with different active region
thickness at different temperatures and biases was studied. The strong influence of the thickness
of the active region on the characteristics of the samples was observed. Through the decrease of
the active region thickness not only the emissive power dwindled but also thermodynamic
properties tended to deteriorate and low temperature stability of the active region was observed.
It was shown that the decrease in internal quantum efficiency through the increase of the current
density was caused by charge leak from the quantum well. The heating of the active region due
to the higher Auger recombination frequency led to the shift in the peak wavelength of the
emission spectrum and lower emission power.

1. Introduction

At the present time, one of the main problems in development of LEDs and gallium nitride based lamps
[1,2] is the decrease of the emission power of a single led in the matrix composition. Using a smaller
number of LEDs in the lamp reduces its size, allows for easier electrical circuitry development and
reduces the overall cost of the product. Watt-ampere characteristic is the most important characteristic
of the emitters. It describes the change of radiation power with the increase in the values of direct current.
Ideally, this dependence is linear. Unfortunately, in real emitters the increase of the power slows down
and then goes into decline as the current grows. This limits the maximum achievable power. Such
nonlinearity may be explained by self-heating of the crystal and the decrease in the efficiency of LEDs
with increasing current density. The reasons for the low efficiency might be the lack of high-quality
epitaxial heterostructures [3-6], low light extraction ratio [7], the influence of embedded piezoelectric
fields in quantum well, charge leaks, structural defects and Auger recombination processes. A short
wavelength ultraviolet emission requires an increase in the aluminum nitride concentration in a solid
solution of the active region. This leads to additional technological complexity and increases the number
of structural defects. In addition, in the ultraviolet range of wavelengths the absorption coefficient of
epitaxial layers increases dramatically. This leads to the stronger influence of the thermal effects on the
device’s characteristics. What is more, the processes of self-heating depend on the device’s emitting
crystal properties and its package.

In order to study the processes of self-heating in the test-system [8], a new patented method of
determining the temperature of the active region is used. It is based on a detailed analysis of the spectral
characteristics of electroluminescence and Van-Rusbreka-Shockley theory, which considers the effect
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of impurities and defects on the structure’s performance. The method is quick, non-contact and allows
for investigation of the individual emitters included in the composition of the LED lamp or other LED-
based products with no need for unsoldering. What is more, the technique allows to determine the
temperature of the active region of the chip directly on the substrate surface. Thus, the method is
applicable for carrying out quick temperature diagnostics of the structures at all stages of production of
LEDs and LED-based products.

However, studies have shown that in case of light emitting structures with one substrate the
difference in temperature parameters can sometimes reach considerable values, which is caused by the
features of integrated grouped technique used in chips production. This leads to the necessity to control
the quality of the structures within the substrate. Conventional methods based on determining the power
and some other parameters of the structures do not always provide researchers with data for valid
conclusions about structures’quality. Fast non-contact temperature measurements solve this problem.
The diagnostic technique to evaluate the emitting chip temperature in the composition of the substrate
was developed, followed by an automatic analysis of the obtained characteristics and valid conclusions
about the quality of the structure. Time required for testing one single chip does not exceed 1 second.
The technique is completely ready for the infusion to the production process.

In this paper an experimental investigation of the optical and electrical properties of ultraviolet light-
emitting diodes based on GaN/AlGaN heterostructures was carried out, electroluminescence spectra,
current-voltage characteristics and other important characteristics were investigated. Special attention
is paid to the study of the influence of thermal processes on the spectral characteristics, optical power
and emission efficiency of the structures. What is more, the temperature of the active region was
determined and the effects of the composition on the values of these temperatures were studied.

2. Samples and Experimental techniques

In this paper UV-LEDs with emission wavelengths in the range from 355 to 385 nm were investigated.
The method of chloride-hydride vapour phase epitaxy (CHVPE) was used to create light-emitting
heterostructures. The means of reducing the mismatch of lattice parameters of semiconductor materials
included growing a thick (over 100 nm) active region without the formation of dislocations and other
defects.

The construction of UV LED heterostructure consisted of the following layers (starting from the
substrate): AIN seed layer with a thickness of 200 nm; buffer area of alternating layers of AlGaN of
variable composition with a total thickness of 3.5 um; n-AlGaN hole-blocking layer (dopant - Si) with
a thickness of 800 nm; AlGaN active region with a thickness of 80-150 nm; p-AlGaN electron-blocking
layer (dopant - Mg) with a thickness of 200 nm; p-GaN upper contact layer 100 nm thick. The
composition of the electron-blocking layer was selected so that, on the one hand, the electron leakage
into the p region was suppressed and, on the other hand, the necessary hole injection level into the Al
was retained. In this work the electron-blocking layer with a gradual decrease of Al concentration from
15% to 6% was used (counting from the active layer). The linearly decreasing gradient Al concentration
in the electron-blocking layer is known to significantly improve structure’s efficiency. Active zones
contain 1-2% of aluminum. Two types of LED structures were made: ones with a crystal size of 1 x 1
mm without package and ones with the crystal size 0.31 x 0.31 mm packaged. Metal compositions of
Ti/Al and Ni/Al were used for N-type and p-type electrodes respectively. Processing and packing of
samples was performed using an external service.
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Figure 1. The structure of the ultraviolet light-emitting diode

3. Results and Discussion

In this paper an experimental study of the characteristics of a significant number of ultraviolet light
emitting diodes based on different types of heterostructures and GaN/AlGaN is presented. The study of
heterostructures was performed using the test set developed by the authors [2, 9, 10]. The main tasks
were the study of the thermal processes which take place in these structures, identification of their
ground and evaluation of the possibility of the application of thermal parameters analysis in estimating
the structures’ quality. For further analysis of the obtained data two samples were selected and, being
characterized by their best performance parameters - power and efficiency, are hereinafter referred to as
a sample of the first type (first sample) and a sample of the second type (second sample).
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Figure 2. Electroluminescence spectra of UV LEDs with the active region thickness of 80 nm and
150 nm

The main characteristic of any light emitting diode is its emission spectrum. For a full investigation
of the features of the samples, the spectral characteristics measurement must be performed within the
whole operational range of currents. The emission spectra of the investigated samples are shown in Fig.
2. A very significant difference in all spectra parameters is observed, including the peak’s shift and the
change of the area under the curve through the increase of the direct current. The results may be also
presented as the dependences of the emission power (Fig. 3), efficiency (Fig. 4) and the emission
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wavelength at the maximum (Fig. 5) on the direct current. The analysis of the characteristics shows that
for the samples of the second type not only significantly higher values of the power (up to 5 mW) are
achieved, but also that the emission power grows almost linearly. For a sample of the first type a
significant deviation from the straight dependence occurs at 24 mA already; at 80 mA the power
saturation is observed and it the curve starts to decline with a further increase in the current. This limits
the achievable values of the emission power by more than an order of magnitude. Similar processes are
observed for the efficiency - for the sample of the second type it exceeded 6% and saturated at higher
currents (40 mA).
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Figure 3. Power versus current for the samples with an active region thickness of 80 nm and 150 nm
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Figure 4. The dependence of the efficiency on the current for the samples with an active region
thickness of 80 nm and 150 nm
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Figure 5. The dependence of the emission wavelength at the maximum on the current for the samples
with an active region thickness of 80 nm and 150 nm
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Preliminary information about the processes allows us to analyze the dependence of the peak
wavelength of spectral characteristics on the direct current (Fig. 5). It is shown that in both cases there
is a shift towards the longer wavelengths and for the first sample equals 14 nm while raising the current
up to 110 mA, while for the second one the peak is shifted by only 3 nm. It is known that a shift towards
longer wavelength is determined by self-heating processes in the structure, and that was further
confirmed by the measurements of the spectral characteristics of the LED at a constant current and
increasing the ambient temperature. In order to study these processes we analyzed the influence of
the temperature on the structures’ performance (Fig.6).
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Figure 6. The emission spectra for the sample with an active region thickness of 80 nm at various
temperatures

It is shown that the intensity of self-heating processes of the sample of the second type at 100 mA is
more than 2.5 times lower than that of the samples of the first type for which the local temperature may
exceed 200 degrees Celsius. This may be due to the following facts. Samples of the first type are
characterized by a much higher density of the defects, which is associated with the non-optimized
compositions of buffer layers and a smaller thickness of the active region. The features of these
structures in terms of defects presence were investigated previously by the methods of secondary ion
mass spectrometry, luminescence spectroscopy, atomic force microscopy and X-ray analysis; the
research results confirmed these conclusions. Increasing the density of the defects increases the
probability of non-radiative recombination, which leads to the additional heating of the structures.
Therefore, temperature diagnostics allow for a high precision estimation of the presence of defects in
the emitting region of the LEDs.

4. Conclusions

The study of the spectral and temperature characteristics of UV LEDs, created by CHVPE, was done.
The experiment showed that the peak wavelength of the investigated samples was in the range of 363-
367 nm at an operating current, the half-width of the emission spectrum didn’t exceed 10-15 nm. At the
operating current of 20 mA the temperature of the active region of the first sample was 36 degrees
Celsius, but at 100 mA it raised up to 246 degrees Celsius; the optical output power and efficiency were
equal to 0.29 mW and 0.4% respectively.
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The second sample showed the best performance. At the operating current of 20 mA the temperature
of the active region was equal to 36 degrees Celsius, at 100 mA it raised to 119 degrees Celsius. Optical
output power and efficiency at an operating current were equal to 3.9 mW and 6.1% respectively.

The results can be explained by the main difference between the samples - the thickness of the active
region. Small area dissipates heat worse and the study confirms that passing the current through such a
small volume of the semiconductor leads to a sharp deterioration in its power characteristics. What is
more, a smaller area of photon generation at the same current results in the lower intensity of the
emission.

There is another phenomenon which influences the LEDs’ parameters. Achieving ultraviolet
emission requires higher concentration of the aluminum if the solid solution which, in turn, leads to the
bigger lattice mismatch between the substrate and the grown layers. This complicates the production
process significantly as the quality of the heterostructures becomes more crucial. Results obtained
during this study may prove that production technique is not defectless enough. Thus, the method used
in this study may be used for the analysis of the quality of the created structures.
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