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Abstract. Accelerated tests of LED matrices under the action of electric current under
conditions of thermal cycling and vibration were carried out. It was determined that the
value of the luminous flux decay correlates with the junction-to-case thermal resistance of the
matrices and the value of the K coefficient, which determines the ratio of the luminous flux
of optical emission in the near infrared region of the spectrum from 760 nm to 900 nm to
the luminous flux in the spectrum range from 470 nm to 760 nm. The correlation coefficient
between the luminous flux decay and the junction-to-case thermal resistance is 0.7, and the

correlation coefficient between the luminous flux decay and the K coefficient is 0.48.

Keywords: LED matrices, accelerated testing, luminous flux decay, thermal resistance,
emission spectrum, correlation

Funding: The work is supported by Russian Ministry of Science and Higher Education in
frame of Government task of Kotelnikov Institute of Radio Engineering and Electronics of
Russian Academy of Sciences (FFWZ-2025-0001).

Citation: Frolov 1.V., Zaytsev S.A., Sergeev V.A., Radaev O.A., Relationship between the
luminous flux drop of LED matrices during tests with thermal resistance and parameters of
the emission spectrum, St. Petersburg State Polytechnical University Journal. Physics and
Mathematics. 18 (3.2) (2025) 218—222. DOI: https://doi.org/10.18721/JPM.183.244

This is an open access article under the CC BY-NC 4.0 license (https://creativecommons.
org/licenses/by-nc/4.0/)

MaTtepuanbl KOHhEepeHLUM
YK 621.382.088
DOI: https://doi.org/10.18721/IPM.183.244

UccneporaHue CBAI3UM TeMMNa cnaja CEeTOBOro Notoka
CBeToAMOAHDbIX MaTpUL, C TenJIOBbIM CONMpPOTUBJIEHUEM
U napaMeTpamMm cneKkTpa msnyvyeHusa

U. B. Pponos'?2, C. A. 3anuer?, B. A. Ceprees', O. A. PagaeB'

LYNbsiHOBCKMIA DyUnman MHCTUTYTa paaMOTEXHUKM U SNIEKTPOHUKM UM. B.A. KoTenbHUKoBa
Poccuiickoi akagemMmmn Hayk, r. YnbsiHOBCK, Poccus;

2YNIbSIHOBCKMI FOCYAAPCTBEHHbIN TEXHUYECKNIA YHUBEPCUTET, I YNbSIHOBCK, Poccus;
3 YnbsiHOBCKOE KOHCTPYKTOpCKoe 610po npnbopocTpoeHus, . YbsHOBCK, Poccus
® info@ulireran.ru

AHHOTaI.[l/Iﬂ. npOBe[[eHbI YCKOPCHHBLIC MCIIBITAHUA CBCTOAMOAHLIX MATPUILL ITOI JNIECTBUEM
QJICKTPHUYCCKOTIO TOKa B YCIOBHUAX TCPMOLUUKIMPOBAHUA U BI/I6paL[I/II/I. OHpeHCHCHO, 4qTO
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BEJMYMHA CIaja CBETOBOIO IMOTOKA M3JIYYSHUsI KOPPEIUPYET C TETUIOBBIM COMPOTUBIICHUEM
Mepexoa-KOpIyc Marpull U 3HadeHHeM KoddduuueHta K, ONpeesarolero OTHOLIEHUE
CBETOBOTO TMOTOKAa OMNTUYECKOTo MU3JydeHUsl B OJMKHel MH@pakpacHOW 00JacTu CrekTpa
or 760 HM g0 900 HM K CBETOBOMY MOTOKY B AuamnaszoHe crekrpa oT 470 HM go 760 HM.
KoadduimeHT Koppensiium MeXay CIagoM CBETOBOTO ITOTOKA M3JIYYEHUSI M TETJIOBBIM
COTIPOTUBIIEHWEM Tiepexoj-kKopmyc coctasiseT 0,7, a Ko3(pUIMEHT KOppeassiuuu MexXIy
CIagoM CBETOBOTO IMOTOKA M3TydyeHus u Koapduuuentom K cocrapnser 0,48.

KnioueBble ciaoBa: CBETOIMOIHBIE MaTpulbl, YCKOPCHHLIC HWCIIbITaAHUA, CIIad CBETOBOIO
II0TOKA, TCIIJIOBOC COIIPOTUBJICHUC, CIICKTP M3JTYUYCHUA, KOPPCIALINA
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Introduction

One of the promising areas of application of LED matrices is their use in the lighting equip-
ment of aircraft. Currently, LED matrices are beginning to be used both in internal and external
lighting equipment, including taxi lights, takeoff and landing lights, and navigation beacons. The
service life and reliability of such devices largely depend on the operating conditions, primarily
on the ambient temperature and current load mode [1—3]. LED devices used in on-board light-
ing and signaling equipment of aircraft are subject to sharp changes in ambient temperature in a
wide range over a short period of time. However, to date, the relationship between the reliability
of LED matrices when operating under thermal and electrical cycling conditions and thermal
characteristics has not been sufficiently investigated. In this regard, the task of investigation the
degradation processes of LED matrices when operating in the electrical cycling mode and under
temperature change conditions and determining the parameters by which it is possible to identify
LED matrices prone to accelerated degradation is relevant.

Materials and Methodes

The LED matrices ofthe GW P9LR31.EM - DURIS S 8 type, consisting of eight series-connected
crystals, are investigated. The matrix supply voltage is 24 V, the maximum current is 200 mA. The
matrices were tested for 16 hours under electrical and thermal cycling and vibration conditions.
The duration of one temperature cycle was 4 hours: the temperature in the test chamber was
maintained at 7= +115 °C for 1.5 hours, at 7= -60 °C for 1.5 hours, the temperature changed
over 30 minutes. The duration of one electrical cycle was 30 minutes: a current of 190 mA was
passed through the matrices for 15 minutes, and the matrices were switched off for 15 minutes.
Electrical and thermal cycling of the matrices was accompanied by broadband vibration of 6.8 g.
The accelerated test mode is equivalent to 1300 hours of LED matrices operation under natural
operating conditions of an aircraft.

During the tests, the changes in the luminous flux and emission spectra, junction-to-case thermal
resistance, current-voltage characteristics of the LED matrices were monitored. The luminous flux
and emission spectra were measured in the photometric sphere using an OL770 spectroradiometer
at a current of 30 mA. The /—V characteristics were measured using an automated setup using the
LabView graphical programming environment, consisting of a Keithley 6500 precision multimeter
used to measure the current and a Tektronix DMM4040 digital multimeter used to measure the
voltage on the LED matrix. The junction-to-case thermal resistance R, . of the LED matrices was
measured according to the method presented in [4, 5]. The R, . thermal resistance determines the
overheating temperature of the active region of the matrix crystals relative to the case temperature.
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Results and discussion
The emission spectrum of the LED matrix of the investigated type is shown in Fig. 1.
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Fig. 1. LED matrix emission spectrum

The spectral section in the wavelength range from 400 nm to 470 nm is formed by the emis-
sion of the matrix crystals. The spectral section in the wavelength range from 470 nm to 900 nm
is formed by the luminescence of the phosphor covering the matrix crystals. The blue light of
the matrix crystals is absorbed by the phosphor. The excited phosphor ions return to the ground
state, emitting photons in the yellow-green region of the visible spectrum. Partial reabsorption is
possible: some of the photons emitted by the phosphor ions (especially photons in the short-wave-
length part of the luminescence spectrum) are absorbed by the phosphor. These reabsorbed pho-
tons can re-excite the ions in the phosphor. Since the luminescence spectrum of phosphor ions
is broad and shifted to the long-wave region, the secondary emitted photon will have a longer
wavelength than the initially reabsorbed photon. This phenomenon is associated with the Stokes
shift. In addition, this process can occur repeatedly within a phosphor particle or between parti-
cles. Thus, the long-wave section of the phosphor emission spectrum in the near infrared range,
approximately from 760 nm to 900 nm, is mainly formed due to secondary emission [6—8].

A coefficient has been introduced that determines the ratio of the luminous flux of optical
emission in the near infrared region of the spectrum from 760 nm to 900 nm to the luminous flux
in the spectrum range from 470 nm to 760 nm:
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It was found that the K coefficient is a temperature-sensitive parameter. For this purpose, the
emission spectra of the matrices were measured in a Combitherm CH 3-150 thermostat in the tem-
perature range from 30 °C to 70 °C. The emission spectra of the LED matrices were measured by
an Ocean Optics USB2000+VIS-NIR spectrometer. To eliminate self-heating of the matrix crystals
during spectrum measurement, a small current of 300 pA was passed through the matrices. It is evident
from Fig. 2 that K increases with increasing temperature, and the K (7) dependence is nonlinear.

As the temperature increases, the emission spectrum of the LED matrix crystals shifts to the
long-wave region. The absorption spectrum of the phosphor also shifts to the long-wave region. In
this case, the phosphor becomes capable of absorbing photons with lower energy, which leads to
an increase in the probability of reabsorption with increasing temperature. Thus, as the tempera-
ture increases, the proportion of emission in the near infrared region of the spectrum increases
relative to the radiation formed by the phosphor.

A positive correlation between the value of the K coefficient and the junction-to-case thermal
resistance was found in a sample of 60 matrices: the correlation coefficient is 0.65.
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Fig. 2. Dependence of the coefficient K on temperature

Based on the results of thermal resistance measurements, six matrices were selected from
60 matrices whose thermal resistances cover the range from the minimum to the maximum value
within the investigated sample. The minimum is 2.0 K/W, the maximum is 3.3 K/W. These six
matrices were tested in the mode presented above. After the tests, all six matrices experienced
a decrease in luminous flux. The smallest decrease was observed in matrices No. 7 and 30, by
4.90%, and the largest in matrices No. 11, 37 and 51 (Table 1).

Table 1
Results of measurements of LED matrix parameters
LED array | R, ., K/W K., % Luminous flux drop A®,
7 2.1 0.410 4.90
11 33 0.415 5.39
13 2.0 0.405 4.93
30 2.1 0.413 4.90
37 2.7 0.408 5.71
51 2.6 0.417 5.65

The decrease in luminous flux correlates with the value of the junction-to-case thermal resis-
tance (correlation coefficient 0.7) and with the value of the K coefficient (correlation coef-
ficient 0.48): those matrices in which the active region overheating temperature is higher have a
higher degradation rate.

During the testing of LED matrices, the emission intensity decreases in the entire range of the
emission spectrum (Fig. 1). The decrease in the range of 400—470 nm is due to the degradation
of crystals, and the decrease in the range of 470—900 nm is due to the decrease in the emission
intensity of crystals and the degradation of the phosphor [9].

Conclusion

It is shown that the value of the luminous flux drop of LED matrices correlates with the val-
ues of the junction-to-case thermal resistance and the value of the coefficient determining the
share of the luminous flux of optical emission in the near infrared region of the spectrum to the
luminous flux of emission formed by the phosphor. These parameters can be used to identify
potentially unreliable LED matrices prone to accelerated degradation.

It is also shown that it is more appropriate to consider the degradation of white LED emission
as the combined degradation of the crystal-phosphor system, although the crystal is the dominant
component of this system due to the fact that it is the initiating factor of the phosphor emission.
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