Hask H 10 Kot %= R Vol. 45 No. 10
2024 4F 10 A CHINESE JOURNAL OF LUMINESCENCE Oct., 2024

XEHES: 1000-7032(2024)10-1707-09

R AN LED 1300 fE i 508 BF 52
HUE", BEM, # 5, FE% THRY, KEES Fase

(1. A RR B TRRY: BT 5F R TRZEE, VLK Mial 210044;
2. A T 2z e TR BT 2B, VIOF SR 215000)

2 TREEANEE W (DUV-LED) 0T |32 15 FHAE A B 35 A A0S I | 1€ 7 felt B2 R 5 413 15 4658 385 2 4008k
H AT DUV-LED Y F G 32803238 8 A 2 5% , ANl LED & #4™ 5 (25 1R Tt & , #6105 2 LED i 3005 %
KL e N 7 A 8 — R R FE EOGEE HSOR M LU 095U L 42 FF DUV-LED (8O Pk BE
VLA TAR S 2 T B0 . #APH 2 S LED B MERE 19 BB S8k, 08 % 2 S #OE B M RHE & 6 R
PR LER FE M . ASCRGME T DUV-LED W R RoF A5 42 2 BB 5 $ARE B A1 S Ab o 45 PR % LED
SRR 5 W, F [T XAV 42 2 0 SRR B AT T 05 LAY . BIESE S SR AR B 3G K LED OIS i RSF IR 82 2 R AT
TR AR 5 AT TR] U BT S PR T B R AL R AR ST A Sy Cu B AR ST DL/ LED R ECBH . BRI 20 milx
20 mil /5 275 nm DUV-LED , ZR A 536 HHBH I 22.19 “C/W AR % 12.83 “C/W, 7E 25 CHEE R, -1 I K 0.669 W
s A THIE A 14.69 CREMR 2 8.49 °C. ff ELEE 20, LED T /E 45 M KE 35 [T X ol A5 122 2 V5 38 114 ik /)~ i 2% 1
ARG, JH b ]t DK JSE B8 R 180T 1 mum, S8% A FHIEORE 3R 5 44.82 °C, PRI AT LA S A 3 1 9 T X R Sk S BB
AR

X #E O WEINROC AT BUAERE s BB 45
hESES: TN312.8 X HEEARIRAD : A DOI: 10.37188/CJL. 20240173

Improvement of Heat Dissipation Performance of Deep Ultraviolet LED

ZHAO Jianguo'', YANG Jianan'?, XU Ru', LI Jiarui’, WANG Shuchangz*,

ZHANG Huiguo’, CHANG Jianhua'

(1. School of Electronic and Information Engineering , Nanjing University of Information Science and Technology , Nanjing 210044, China;
2. School of Electronic and Information Engineering, Changshu Institute of Technology, Suzhou 215000, China)

* Corresponding Authors, E-mail: zhaojg@nuist. edu. cn; scw@cslg. edu. cn

Abstract: Deep ultraviolet light-emitting diodes (DUV-LEDs) can be widely used in many fields such as steriliza-
tion, biochemical detection, healthcare and UV communication. Currently, the wall-plug efficiency of commercial
DUV-LEDs is usually less than 5%, which leads to serious heat generation and high junction temperature, which in
turn leads to a series of problems such as peak wavelength redshift, increased light decay, and shortened lifetime of
the LEDs. In the context of the difficulty of improving the wall-plug efficiency, it is necessary to improve heat dissipa-
tion performance of DUV-LEDs to reduce their operating junction temperature. Thermal resistance is a direct parame-
ter to reflect the heat dissipation performance of LEDs, which is usually affected by factors such as thermal conduc-
tive area, material thickness, and material thermal conductivity. In this paper, the effects of chip size, solder gap
filling, thermal grease application and PCB materials on the thermal resistance of DUV LEDs have been intensively
studied, and the thickness of the solid crystal area and the solder layer have been simulated. It has been found that
increasing the size of the LED chip, filling the gap in the solder layer, applying thermal grease and replacing the Al
PCB with a Cu PCB can reduce the thermal resistance of the LED. For a commercial 20 milx20 mil 275 nm DUV-

LED, the thermal resistance was reduced from 22.19 ‘C/W to 12.83 C/W, and the chip temperature rise was
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reduced from 14. 69 “C to 8.49 ‘C when operating at 25 ‘C and 0. 662 W. The simulation results indicate that the LED

working junction temperature decreases linearly with the reduction of the thickness of the solid crystal area or solder layer,

in which the chip temperature increases by 44. 82 °C for every 1 mm increase in the thickness of the solid crystal area, so

the reduction of thermal resistance can be realized by appropriately thinning the thickness of the solid crystal area.
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Fig.1 The physical image of .3030 chip(a) and schematic diagram of the DUV-LED(b) used in this paper
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Fig.2 The spectrum(a), wall-plug efficiency curve(b) and
I-V curve(c) of L2020
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Tab. 1 The current density and corresponding power of the

three sizes of LEDs used in this paper

AR RREE(Aem?)  BINAW  ATIA/W

1.1020 40 0.334 0. 330
20 0.318 0.314
L2020 30 0.492 0. 486
40 0. 669 0. 662
L3030 40 1.416 1. 400
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Tab.2 Thermal resistance and temperature rise of three siz-

es of LEDs
LED £ 8 FEARH B AT%/w #pi/Cc-w)  THE/C
L1020 Al 0.330 28. 10 9.3
1.2020 Al 0. 662 22.19 14.7
1.3030 Al 1.400 19.39 27. 1
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Tab.4 LED modeling parameters in a simulation where thickness affects temperature
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Fig.6 Simulation of the temperature spatial distribution of

1.2020 at a current density of 40 A/ecm’
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