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Abstract: The study 1s devoted to the method development concerming the measurement of a light-emitting
diode crystal temperature based on the method of direct stresses. An automated experimental device is

described to perform ecrystal temperature measurements among working LEDs. The results of indirect

measurements are presented for heating and cooling dynamics of crystals at various currents. They presented

the analysis of thermal processes occurring m a crystal during its heating by a flowing current. It was confirmed
experimentally and theoretically that the developed method of a light-emitting diode crystal measurement can

be used to evaluate the heating of a light-emitting diode crystal under real operating conditions during the

design of light devices.
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INTRODUCTION

Currently, the light output of modern LEDs makes
300 Lm/W. Further increase of the light flux among
mndividual LEDs 1s limited by the low power of a radiating
crystal which is operated at a relatively low voltage
(2-3 V). The only possibility of a single crystal power
increase is the increase of curent passing through it
which can be achieved m two ways: by ncreasing the
crystal size or by mcreasing the current density through
a crystal. At large crystal sizes its efficiency decreases
due to the merease of radiation absorption in a crystal.
Besides, the cost of the product mcreases. The current
density increase also leads to the efficiency decrease due
to a crystal heating. The maximum value of the current
density is limited by the extreme temperature of a crystal
at which its considerable degradation begms. A LED
housing may be destroyed at lngh temperatures.

An active region of a crystal, the conducting layers
of a structure and ohmic contacts to a crystal are the heat
sources in LEDs. At low current values, the main source
of heat 1s an active region which is heated by nonradiative
recombination. At high current values, the fraction of heat
released on contacts and in the outer layers of a crystal
mcreases sigmficantly. The temperature of a crystal
influences on almost all LED characteristics: service life,

lighting, electrical characteristics, the characteristics of
light and energy efficiency (Chhajed er al, 2005,
Nikiforov, 2005). Internal and external factors may act as
the reasons of temperature change. Internal factors may
include the heating of crystals with a flowing current, the
absorbing of radiation mn a crystal, extemnal factors may
include the change of the ambient temperature and the
thermal conditions of a LED operation. According to a
large mfluence of temperature on the operation of LED, it
becomes necessary to control the temperature change
under different operating conditions.

MATERIALS AND METHODS

The measurement of the LED crystal temperature is a
difficult task due to the small sizes and relatively low
temperature of a crystal. Contact methods are of lttle use,
so indirect measurement methods are advisable.

The method of direct stresses is based on the
dependence of LED electric parameters on the temperature
of a crystal active region of the crystal and on the basis of
the measured Temperature Voltage Coefficient (TVC) 1t 1s
possible to determine the temperature of a crystal with an
error of £3°C (X1 and Shubert, 2004).

According to the method described by Schubert
(2006}, the temperature of the p-n-junction 1s determined
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according to the change of LED emission spectrum,
namely according to the shift of the radiation spectral
maximum to the region of short wavelengths at
temperature merease. But this method 1s less precise and
the measurement is related with the experiment
complication.

Another method 1s based on the use of Raman
spectroscopy by the means of which the temperature of
various layers of a structure can be determined. The
accuracy is a low one and amounts to about £10°C
(Chutnis et al., 2002).

The LEDs that use sapphire as a substrate, the
temperature can be determined by the optical
measurement of the line wavelengths emitted by
chromium (Cr™") which is located in the substrate as an
mnpurity. Two red lines are used for the measurements
which are shifted to the long-wavelength region with
increasing temperature (Winnewisser e al., 2001 ).

From the abovementioned methods of LED crystal
temperature determination, the most suitable one 1s the
direct stress method which makes it possible to carry out
a series of experiments on simple equipment and with a
sufficiently high accuracy. It 1s based on the change of
semiconductor structure electrical parameters  at
temperature change. The essence of the method lies in the
fact that calibration is carried out initially the pulsed
volt-ampere characteristics of the LED are measured. This
LED 1s placed in a thermostat with the set temperature. At
that, the crystal is not heated by a flowing current during
a short pulse, therefore, the temperature of the crystal is
determimmed by the thermostat temperature. Proceeding
from this, according to the measured values of voltage
and cwrent at different LED temperatures, the
dependence of electrical parameters on the temperature 1s
designed which is used to calculate the temperature of an
operating LED crystal (Cree News, 2014).

We used a universal expansion board for the
personal computer NI PCT-6251 (ADC-DAC) as a
measuring mstrument. It set the LED supply currents and
their characteristics were measured. The board 1s
connected to a personal computer via a PCT slot. The
board has 8 differential channels for voltage measuring
with a maximum digitization frequency of 1.25 MHz, the
accuracy of 16 bits and the range of measured
voltages -1, ..., 10 V, 2 channels of analog output with the
maximum frequency of 2.86 MHz, the resolution of 16 bits,
the voltage range of -10, ..., 10 V; 24 charnels of digital I/O
with the frequency up to 10 MHz; 2 pulse counters with
the frequency up to 80 MHz. The board parameters allow
to set the LED supply voltage and to measure it with a
high accuracy. The temperature measurement inside a
thermostat 13 performed by a calibrated copper-constant

an thermocouple. Heating is carried out by passing the
current controlled on the
temperature values. The axial light intensity of a LED 1s
measured with a photodiode.

LabView Software was used in the research, the
distinctive feature of which 1s that it was designed for
research purposes so the appearance of applications 1s
similar m many respects to the appearance of
conventional measuring devices. Programs and
subroutines are called virtual devices m this complex. In
order to study the temperature of a LED crystal, the
program was developed consisting of several wvirtual
instrurments each other: the
temperature calibration of the LED; pulse generator, the
measurement of the current-voltage characteristic; the
measurement of LED electrical characteristics under
pulsed power (Ashryatov et al., 2011).

The temperature calibration of a LED is carried out by
changing the temperature mside a thermostat and by the
measuring of LED immpulse volt-ampere characteristics.
The temperature varies from 20-120°C with the step of
10°C. Prelimimary studies showed that the temperature
stabilization occurs within 15 min when it changes by
10°C. In order to reduce errors measurements are
performed with temperature increase and decrease,
followed by the averaging of results. The results are
recorded in a file. The result is the creation of a calibration
graph concerning the dependence of LED (U) voltage on
the crystal Temperature (T) at a certain cwrrent. This

basis of the measured

mterconnected with

dependence 1s well approximated by the equation of a
straight line. The calibration results are used to calculate
the crystal temperature according to the measured value
of LED voltage at a given current.

RESULTS AND DISCUSSION

Main part: The device described above made it possible
to make indirect measurements of a crystal self-heating
dynamics when a constant and pulsed current of various
pulse ratios (q) 1s passed through it with the frequency of
1 kHz. The studies used blue LEDs in a standard plastic
housing with the diameter of 10 mm. The results of
experimental studies concerning a crystal heating by a
flowmg current (30 mA) for the time nterval of 60 sec are
shown on Fig. 1 for the initial time interval (up to 5 sec) on
Fig. 2.

The approximation of these curves using an
exponential function shows that at different moments
times the formula coefficients are different ones that 1s
they describe the heating of LED structure different
sections. This 18 explained by the fact that the temperature
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Fig. 1. Approximation of crystal curves heating and
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Fig. 2: Crystal self-heating curve at the initial instant
of time

gradient was not established at the initial moment of time
and the power diverted from a crystal was used to heat
the structural elements. Since the heat flux does not
spread instantaneously, the increase of the crystal
temperature at the initial moment of time proceeds at
a higher rate, since the heat capacity of a crystal is much
less than the heat capacity of the entire LED design. After
a certain time, when the thermal energy spread throughout
the entire LED design (in this case after 10 sec from the
moment of turning on), the exponential dependence
describes the LED heating with the participation of the
entire structure in heat removal. At that the heating time
constants satisfy the obtained ratios for thermal
resistance and heat capacity (Shibaykin and Myshonlkov,
2011).

Experimental studies and theoretical modeling of
thermal processes in a light-emitting diode with pulse
current (Shibaykin and Myshonkov, 2012) showed that at
equal relative pulse duration with lugher frequencies, an
active region of a crystal 1s heated to a lesser degree.

Thus, in order to reduce the local overheating of a
crystal active region with a pulsed current, it is necessary
to increase the pulse repetition rate.

The developed method of a crystal temperature
measuring for light-emitting diodes can also be used to
evaluate the heating of light-emitting diode crystal in real
operating conditions during the design of Light devices
(Kositsyn and Myshonkov, 2013). They can use a typical
value of LED voltage temperature coefficient of the LED
voltage for mass measurements during the production of
lighting products. This coefficient varies, but the error
introduced by the technological spread of parameters can
be accepted as an acceptable. It is necessary to calibrate
each LED for more accurate measurements.

Summary: The simplest and most accurate method of a
crystal temperature measurement is the method of direct
stresses. The developed device based on the use of
modern automated measuring devices will allow to
conduct experimental studies of thermal processes in a
LED with a sufficiently high accuracy. The obtained
results of experimental studies are the basis for thermal
process modeling m light-emitting diodes wnder real
operating conditions.

CONCLUSION

The conducted measurements showed a good
agreement between experimental and theoretical data
which may indicate the possibility of the developed
technique use to measure the temperature and electrical
characteristics of LEDs using the described equipment
and the researchers program.
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