A st Petersburg Polytechnic University Journal. Physics and Mathematics. 2023. Vol. 16. No. 1.1
HayuyHo-TexHuyeckne Begomoctu CM6IrMy. dusmnko-matematmyeckme Hayku. 16 (1.1) 2023

Conference materials
UDC 621.382.2
DOI: https://doi.org/10.18721/IPM.161.129

Comprehensive study of the power capabilities of
UV-C LEDs in pulsed and continuous modes

A.E. Ivanov 2?2, AE. Chernyakov', A.L. Zakgeim''

1 SHM R&E Center, RAS, St. Petersburg, Russia;
2 St.-Petersburg State Electrotechnical University «LETI», St. Petersburg, Russia
™ a-e-ivano-v@yandex.ru
Abstract. Data is reported on study of light-current characteristics and thermal properties
of flip-chip AlIGaN UV-C LED over a wide range of excitation levels: up to 2 kA/cm? in pulse
mode. The tailor-made microscope based on InAs matrix with photosensitivity in 2.5—3.1 um
range was employed for getting IR-intensity maps and revealing of temperature distribution

across the emitting chips. The work is aimed at detailed study the factors limiting the energy
capabilities of UV-C LEDs.

Keywords: power UV-C LED, thermal resistance, temperature mapping

Citation: Ivanov A.E., Chernyakov A.E., Zakgeim A.L., Comprehensive Study of the
Power Capabilities of UV-C LEDs in Pulsed and Continuous Modes. St. Petersburg State
Polytechnical University Journal. Physics and Mathematics. 16 (1.1) (2023) 167—171. DOI:
https://doi.org/10.18721/JPM.161.129

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

MaTtepuanbl KOHhepeHLUM
YOK 621.382.2
DOI: https://doi.org/10.18721/IPM.161.129

KomMmnnekcHoe uccneaoBaHue SHepreTMUecKMX BO3MOXKHOCTEH
ceetogmopnoB UV-C B MMNY/IbCHOM M HENpPepbiBHOM peXXxMMax

A.E. UBaHoB '?® A.E. YepHsakoB ', A.Jl. 3akrenm'

YHTL mukpoanekTpoHukn PAH, CaHkT-MeTepbypr, Poccus;
2CN6raTy «N3TU», CaHkT-MNeTepbypr, Poccusi
= 3-e-ivano-v@yandex.ru

AnnoTtanus. [1peacTaBieHbl JaHHBIE O MCCIEIOBAHUIO 3JIEKTPOONITUYECKUX XapaKTePUCTUK
U TETJIOBBIX CBOUCTB «um-uut» AlGaN cBerogunomoB UV-C B mIMpOKOM IMaria3oHe TOKOB:
no 2 kA/cMm? B ummyinbcHOM pexume. C momoniblo MK-MuKpockoma MmojydeHbl KapThl
pacnpenenaeHust temrepatypbl nmo CJI uuny. Pabora HampaBieHa Ha AeTallbHOE M3y4eHHE
(hakTOpOB, OTPAaHUYUBAIOIINX dHEPTETUYECKHNE BO3MOXHOCTU cBeTonuoaoB UV-C.
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Introduction

UV-C light emitting diodes (LEDs) are environmentally friendly, mercury free, and nonpolluting
sources of UV radiation in contrast to traditional mercury sources. The sterilization wavelength
is concentrated between 260 and 280 nm. Studies have documented the wide use of UV-C LEDs
in medical phototherapy and in the disinfection and sterilization of water, food, and medicine for
safe consumption [1—3]. Traditional mercury UV lamps are disadvantaged by their long warm-up
times, short lifetime, risk of exploding and environmental pollution; UV-C LEDs are superior in
all aforementioned aspects [4].

The driving current, chip area of UV-C LEDs and the level of integration of LED matrixes
are continuously increased to provide ever higher output light flux. The new developments require
pay more attention to achieving the maximum possible radiation power while maintaining an
acceptable efficiency. In other words, elucidation of the main factors of an electronic or thermal
nature that limit the power of devices [5, 6].

Experimental Setup

1. Test sample
The investigated LED chips produced by Bolb Inc. had a peak emission wavelength
At = 280 nm. The flip-chip LED (Fig. 1, a) had the emission area of 1280x1160 pm? and simple

multi-strip interdigital contact pad topology (Fig. 1, b). For high current operation the chip was
soldered on AIN plate, which was then mounted on bulky heat sinks.
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Fig. 1. Structure scheme of the flip-chip LED («) and image of the test sample_ (b)

2. Current-voltage and light-current characteristics of LEDs

The studies were carried out up to / = 350 mA in continuous mode and up to / = 20 A
in pulsed mode (r ~ 100 ns). In Fig. 2 the current dependences of radiation power P and
external quantum efficiency Ngoe are presented, while Fig. 3 shows the temperature depencfences
of spectrum. The entire range of current changes during measurements covered five orders of
magnitude from fractions of a milliamp to 20 A. The pulse mode during measurements (t = 100 ns,
f =100 Hz) was provided by an Agilent 8114A generator with a PicoLAS LDPV 80-100 V3.3
amplifier. Optical power and emission spectra were recorded using the OL 770-LED Highspeed
LED Test and Measurement System [7].

3. IR thermal imaging

The determining the surface temperature distribution is based on the application of thermal
imaging equipment. It allows one to measure the temperature directly and thus to obtain more
detailed information on the temperature distribution. To obtain the temperature distribution over
the chip, the IR thermal radiation in the spectral range of 2.5—3.1 um was mapped by a specially
designed IR microscope. We would like to emphasize that using a relatively short wavelength
IR radiation (compared to an 5—12 um range utilized in conventional thermal-imaging systems)
allowed us to reduce diffraction blurring and thus to improve the spatial resolution of the IR
mapping down to 3 pum.

© WBanoB A. E., UepnsikoB A. E., 3akreitm A. JI., 2023. Uznarens: Cankr-IleTepOyprckuii moiuTeXHUIECKU YHUBEPCUTET
IleTpa Benuxkoro.
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The main methodological problems of thermal imaging of AlGaN structures are: (i) the
transparency of the sapphire substrate and epitaxial layers for IR radiation and (ii) a large
difference in the emissivity of the materials utilized in the LED, i.e., semiconductor layers,
metallic electrodes, reflective coatings, mounting elements, etc. [8]. So, extraction of correct
temperature distributions from the IR images requires preliminary calibration of data for every
particular object. Such a calibration was made with the temperature control by external heater
in the range of 20—100 °C and recording the IR radiation from the LED chip at zero current.
The calibrated relationship between the IR radiation intensity and temperature was then used to
determine the absolute temperature under operation current (/ = 350 mA).

4. Thermal resistances

The total thermal resistance R, and thermal resistance R, of internal elements of the LED an
equivalent thermal circuit were determined via operating voltage relaxation method [9], using the
Thermal Transient Tester T3Ster by MicRed, Ltd. For this purpose, a relationship between the
voltage and temperature was determined from preliminary calibration of every LED.

The 1D heat transfer through the active region and AIN substrate was considered similarly to
the current flow in an equivalent electrical circuit. Generally, there are two conventional models
for building up the equivalent circuit; we used Cauer's one combines all the capacitances to a
common bus.

Results and Discussion

The current dependences of the emitted power and spectral characteristics of investigated
AlGaN LEDs, including their distribution (mapping) over the radiating surface, were studied in a
wide range of operating currents from milliamp currents up to 350 mA in continuous mode and
20 A in pulsed mode.

In Fig. 2, the current dependences of radiation power P, and external quantum efficiency
Ngop ar¢ presented. As can be seen from Fig. 2, the sharp changes of EQE (approximately up to
4—5 A) and then the tendency to saturation take place. That dependence is in good correlation
with the conventional ABC-model. The value of n is only 3 % in maximum and decreases to
1 % at current 20 A. The low value of efficiency can be explained by low extraction radiation
coefficient due to the large area of non-reflective contacts. Despite this fact, the output optical
power density reaches level of ~ 1 W/mm?.

The spectral analysis of emission (Fig. 3) showed low dependence on temperature. The peak
wavelength at operating current 350 mA is = 279.5 nm without heating and A = 280 nm at

eak
the external heating up to 90 °C. Thus, the temperature coefficient of the pegk wavelength is

only TKA = 0.08 A/K.
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Fig. 2. Optical output power Popt (1) and Fig. 3. Peak wavelength Mk dependences on
external quantum efficiency Neor (2) of the LED wavelength at operating current / =350 mA
dependences on current and temperature of 25 °C (1), 90 °C (2)

Figure 4 shows a map of temperature distributions over the area of LED chip at the continuous
operating current 350 mA. At the current of 350 mA, the temperature distributions remain to be
nearly uniform, indicating good lateral heat spreading inside the LED chip. And the temperature
of surface is 60 °C with temperature of ambient 25 °C, consequently the overheating is 35 °C.
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The latter conclusion is also supported by the cumulative structure functions (CSFs) measured
by the T3Ster tester (see Fig. 5). The sum of the thermal resistances R, = 25 K/W is associated the
overheating of chip relatively ambient. It can be noted much more thermal resistances of the UV
LED in comparison with similar blue LEDs (~ 5 K/W) which requires additional consideration.
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Fig. 4. The IR thermal image of chip at the Fig. 5. The cumulative structure functions
current 350 mA of the LED at the current 350 mA
Conclusion

Optical, electrical and thermal characteristics of high-power AlGaN UV-C LEDs of “flip-chip”
design have been studied over a wide range of excitation levels in continuous and pulsed modes.
The temperature and current dependences of conversion efficiency and output power, as well as
the drift of spectral parameters Ao . and FWHM have been determined. The operation capacity
of LEDs in pulse mode up to current ~ 20A with an output power ~ 1 W has been established.

The thermal properties of UV-C LEDs were investigated both by infrared microscopy
techniques (temperature mapping) and by analysis of the equivalent thermal circuit by voltage
relaxation method, using the Thermal Transient Tester T3Ster. The uniformity of the temperature
distribution over the entire area of the chip was established for all operating currents, that is,
the absence of the effects of current crowding and the occurrence of temperature gradients. The
quantum efficiency droop with increasing current is determined by recombination processes,
apparently the growth of nonradiative Auger recombination.
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